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FOREWORD 



The National Academy of Engineering was formally estab- 
lished December 5, 1964. It was conceived of the idea that 
the benefits of technology to our society could and should be 
enhanced through prudent assessment and systematic application 
of our technical resources; and that the engineering profession 
could contribute much to this process. As the NAE approached 
its tenth anniversary, it appeared useful to review its early 
work, if indeed the past is prologue. 

There were many stresses on our society during the NAE's 
first decade. A costly and bitter war tested national re- 
sources and sensibilities. Urban centers continued to spread 
outward, and the inner city continued to stagnate. Critics 
of technology asserted that social costs outweighed its 
benefits. And the energy crisis gave a painful reminder that 
the United States must learn to function in an interdependent 
and finite world, that even its rich resources have their 
limits. 

These societal storms and changes have strengthened the 
tenets on which the Academy was founded — that technology 
is pervasive; that it is essential to a modern society; but 
that it must be wisely applied for the greatest good. 

The NAE is also firmer in its belief that technological 
planning goes beyond "hardware". Technical tools and methods 
must be applied in a framework that includes an understanding 
of societal institutions, the legitimate aspirations of dif- 
ferent sectors, the financial resources available and antic- 
ipation of social costs that accompany even the most benefi- 
cial technological improvement. 

Technology changes, and at times the only constant seems 
to be change. Within a few decades, nuclear power stations 
have increased the amounts of electricity fed into our power 
grid; television has come to dominate the information media; 
we've gone to the moon and are now exploring the planets; 
the computer has become a pervasive and essential element in 
our society. 
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However, change has also accentuated our failings. For 
example, there is still inadequate transportation and housing. 
Health care delivery is unbalanced, often acutely, in its effec- 
tiveness, quality, and availability. Minorities have yet to 
be given full opportunities by all sectors of society, the 
engineering profession included. We need judicious implemen- 
tation of policies for wise use of our resources. 

There is much to be done. As the Academy enters its 
second decade, it will continue its efforts in applying engi- 
neering skills to social problems. Its effort in the past 
ten years has largely been responsive — that of fulfilling 
its function in examining questions of science and technology 
at the request of the federal government. We will continue in 
that role, in collaboration with the National Academy of 
Sciences and the National Research Council. 

We will also seek, however, to enlarge our capability — 
particularly by strengthening our financial resources — to 
initiate studies we perceive are needed, as well as identify 
issues of potential future national concern and impact. We 
will, as was the case in the NAE's report on "U.S. Energy 
Prospects: An Engineering Viewpoint", confront critical issues 
in technology that are beyond the purview or mandates of 
individual governmental groups. And we will take care to see 
to our own house, as is the case in the NAE's continuing 
efforts to increase minority participation in engineering. 

This volume is a brief introduction to the NAE's organi- 
zation and work during its first ten years. Indeed, it would 
seem appropriate to view these years as introductory to the 
tasks that still lie ahead, and renew our commitment to service 
in the national good. 

We hope you find this anniversary document both interesting 
and useful. s — „ <r" — ' — 




Robert C. Seamans, Jr. 
President 

National Academy of Engineering 



December, 1974 
Washington, D. 



C. 
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I. THE ACADEMY'S DEVELOPMENT 
Beginnings 

Origins 



By the late 1950s, it was clear that American society 
was undergoing deep change. Suburbs were growing rapidly; 
the nature of mass and personal communication was changing; 
the computer was beginning to find its market. New techno- 
logy was being introduced rapidly, its impact quickening 
and being widely felt. 

During this time, leaders of the engineering profession 
in the United States became concerned about the limited in- 
volvement of engineers in matters related to national tech- 
nological programs and policies. It was apparent, for ex- 
ample, that the engineering profession had no truly effec- 
tive way to participate in the planning and use by society 
of technology, or to contribute to policy and program for- 
mulation. Engineering groups were largely discipline-ori- 
ented, confining their concerns to the interests of their 
members — civil engineers, chemical engineers, etc. 

What was needed was a mechanism for utilizing the com- 
bined strength of the profession and increasing its contri- 
butions to the public welfare. The idea gained momentum 
that one such mechanism would be to have a body of engineers 
of high caliber, which would be comparable to the National 
Academy of Sciences (NAS) . As Augustus B. Kinzel, who be- 
came first president of the NAE put it: "The Academy [of 
Sciences] is like Caesar's wife. If the Academy takes a 
step it is not questioned as to competence, loyalty, integ- 
rity, and honesty. A similar situation does not exists in 
engineering circles, in spite of the fact that we are re- 
quired to respond in like manner". 1 



^Minutes of the Organizing Meeting of the Engineers Joint 
Council National Academy of Engineering Committee, January 18, 
1961. 



The idea of a national academy of engineering was 
suggested in the late 1950s by Morrough P. O'Brien, Dean 
of Engineering at the University of California, to the 
Engineers Joint Council (EJC) , the "society of societies" 
of major professional engineering groups. When the EJC 
presented the suggestion to individuals in government, 
however, it was rejected on the grounds that the formation 
of such an academy would drive a wedge between science and 
engineering to the detriment of both. 2 This concern appar- 
ently remained a consideration with Kinzel, for later on, 
as the concept of an engineering academy was brought to 
fruition, he continually advocated close cooperation between 
science and engineering. 

In early 1960, J. Herbert Hollomon 3 again suggested, 
independently, that a national academy of engineering be 
established — a recommendation which was reported in 
Science . After discussion with Hollomon, Harold K. Work, 
who was serving as Director of the Engineering Foundation 
in New York, presented the idea to the Foundation's Research 
Procedure Committee, of which Kinzel was Vice Chairman. 
Acting on the recommendation of that group, the Foundation's 



2 Harold K. Work, "The National Academy of Engineering, 
Its Purposes, Program and Probable Effect on the Future of 
the Engineering Profession", address presented at the meet- 
ing of the Providence Engineering Society, March 15, 1967. 
Enoch R. Needles, Chairman of the EJC, and Kinzel visited 
James R. Killian, Jr., Chairman of the Corporation, Massa- 
chusetts Institute of Technology and then Science Advisor 
to President Eisenhower, in the spring of 1960. Writes 
Kinzel: "We discussed the proposed Engineering Society 
with him. He agreed with our position and strongly advised 
that it be cooperative with the NAS, gave us much encour- 
agement, and spoke to Stratton [Julius A. Stratton, NAS Vice 
President] about it." [Letter from Augustus B. Kinzel to 
Robert J. Burger, Executive Officer of the NAE, dated 
October 16, 1976.] 

^Then General Manager of the General Engineering Labo- 
ratory, General Electric Company. 

*rhe Engineering Foundation was established in 1914, 
as a department of the United Engineering Society "for the 
furtherance of research in science and engineering and for 
the advancement of the profession of engineering and the 
good of mankind". The Society, itself a creation of several 
major engineering societies, acted as custodian of the Foun- 
dation's endowment and turned income from the fund over to 
the Foundation for its use. [Engineering Foundation, "A 
Half Century of Service — 1914-1964".] 

2 
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Executive Committee — chaired by Antoine M. Gaudin^ — 
in mid-June, 1960 authorized a feasibility study of a 
national academy of engineering. However, there was a 
strong feeling that the EJC should be involved, and dis- 
cussion between the two organizations was initiated. The 
president of the Engineers Joint Council at the time 
was Kinzel. 



First Study 



In August, after a brief review, the EJC formed a 
committee to study the pros and cons of establishing an 
engineering academy, either as part of the National 
Academy of Sciences or as a separate institution. The 
EJC asked the Engineering Foundation for Work's services 
as Executive Secretary of the exploratory committee, and 
for $10,000 in supporting funds. 

It was decided early on that any exploration with 
respect to a national engineering organization should 
include the National Academy of Sciences. It was believed 
that when the NAS was established by Congressional Charter 
in 1863, it was probably intended that engineering should 
play a larger role in the operation of the Academy than 
it actually had; it was pointed out that while the Academy 
of Sciences appeared to be oriented primarily toward 
science, extensive engineering activities were carried out 
by its working arm, the National Research Council (NRC) . 6 
And, there were ties of long standing between the engineering 
community and the NRC which, in its early years, received 
financial support and housing from the Engineering Foundation. 

In any case, because the objectives of both the NAS 
and an engineering academy were considered to be similar, 
in a broad sense, it was stated that every effort should 
be made to see that there was close cooperation with the 
NAS so as to best serve the national welfare. Consequent- 
ly, the Academy of Sciences was invited to participate in 
the discussions. Thus, the exploratory committee included 
representatives of the NAS and NRC as well as the EJC, 
the Engineering Foundation, and the Engineers Council for 



5 Then Robert H. Richards Professor of Mineral Engineering, 
Massachusetts Institute of Technology. 

6 Harold K. Work, "The Question of Establishing a 
National Academy of Engineering", presentation before the 
Engineers Joint Council, September 9, 1960. 
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Professional Development . ? The study was underway within 
two months, the initial phase of a process that was to 
continue for four years, with the EJC taking lead responsi- 
bility and with financial and staff support from the 
Engineering Foundation. 

Some of the points which were stressed during the 
course of the committee's discussions were that: it was 
necessary to make engineers more visible and vocal on the 
national scene; the pattern followed by the National Academy 
of Sciences could well be adopted for engineering; enlarge- 
ment of the NAS to take care of engineering needs was 
impractical and would make the NAS unwieldy; whatever 
steps were taken vis-a-vis the engineering position should 
be done in collaboration with the NAS. The committee then 
went on record with the statement that "there is an 
unfulfilled need for a source of advice and guidance to the 
government on national affairs of engineering orientation"; 
and, upon endorsing a Kinzel proposal for an approach to 
the organizational need, voted in favor of the establishment 
of a national academy of engineering. 8 The specific 
recommendations, which were adopted with minor modifications 
by the EJC Board of Directors, were that: 9 

1. A National Academy of Engineering be established 

in cooperation with the National Academy of Sciences; 

2. The initial membership and the constitution and 
bylaws be subject to approval by the Council of 
the National Academy of Sciences and the Board of 
the Engineers Joint Council; 

3. A 12-man committee be formed to explore the founding 
of a National Academy of Engineering having the 



7 Labeled the "National Academy of Engineering Committee", 
the group had the following composition — EJC: Walter R. 
Hibbard, Jr. (Chairman), Hendley Blackman, Enoch R. Needles, 
L. N. Rowley, Jr., Eric A. Walker, Jerry McAfee; Engineering 
Foundation: Andrew Fletcher, Antoine M. Gaudin; NAS: Detlev 
W. Bronk; NRC(NAS) : Augustus B. Kinzel (elected to the NAS 
in 1960); ECPD: M. D. Hoover, William L. Everitt (ex officio ) . 

Minutes of the Engineers Joint Council National Academy 
of Engineering Committee, September 20, 1961. 

9 Minutes of the Board of Directors, Engineers Joint 
Council, November 17, 1961. 
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following composition: the president of the 
National Academy of Sciences, the vice president of 
the National Academy of Sciences , the chairman of 
the Engineering Section of the National Academy of 
Sciences, the chairman and the past chairman or 
chairman-elect of the Division of Engineering and 
Industrial Research of the National Research Council, 
seven members selected by the Engineers Joint Council 
with advice from the Engineering Foundation, one of 
whom shall be chairman. 



Second Study 



It was subsequently found that the NAS could not par- 
ticipate in the establishment of the 12-man committee with 
the EJC. However, Dr. Detlev W. Bronk, President of the 
NAS, appointed a special Academy committee to work with the 
EJC group. 10 

The EJC committee was charged with developing a pro- 
posal for the establishment of an engineering organization 
representative of the engineering profession which would be 
composed of engineers distinguished for major engineering 
achievements. The NAS committee was requested to consider 
how the proposed engineering unit could be integrated in 
the NAS in a manner satisfactory to the engineers and 
consistent with the principles of the Academy of Sciences. 

On February 20, 1963 the EJC transmitted its proposal 
to the NAS committee, recommending that a national academy of 
engineering similar in character and complementary to the 
NAS, be established within the NAS framework through 



■"■"Engineers Joint Council Exploratory Committee on a 
National Academy of Engineering, proposal on "Establishment 
of a National Academy of Engineering", November, 1963, page 2; 
Minutes of the EJC Executive Committee, December 15, 1961 
and March 21, 1962. When the appropriateness of the NAS 
establishing a formal joint committee was questioned, the EJC 
suggested the alternate approach of independent, collaborative 
committees. These had the following composition: 



Julius A. Stratton (Chairman) Eric A. Walker (Chairman) 



NAS 



EJC 



Lloyd V. Berkner 
Hugh L. Dryden 
Augustus B. Kinzel 
George B. Kistiakowsky 



Antoine M. Gaudin 
Walter R. Hibbard, Jr. 
James N. Landis 
Warren L. McCabe 
Enoch R. Needles 
Ernst Weber 

Harold K . Work (Executive Secretary) 
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appropriate modification of the NAS Charter, with the 
understanding that if it proved impossible to provide for 
an NAE charter within that of the NAS, the engineers might 
apply for their own with NAS support. 

The result of the negotiations between the two com- 
mittees was that the NAS agreed to collaborate with the 
EJC committee looking toward the establishment of a Na- 
tional Academy of Engineering affiliated with the National 
Academy of Sciences. Such collaboration was to be through 
a committee appointed by the NAS president, and all deci- 
sions regarding the proposed academy were to be ratified 
by the NAS Council. After a five-year trial period, the 
respective academies were to review their relationship 
and decide upon whether the affiliation should be made 
permanent. The NAS membership approved this agreement at 
their Annual Meeting that year. 



Establishment 

The final steps to establish the National Academy of 
Engineering were initiated in the fall of 196 3 when the 
NAS appointed a new collaborating committee composed of 
Julius A. Stratton (Chairman, Vice President of the NAS) , 
Lloyd V. Berkner, Augustus B. Kinzel, George B. Kistiakowsky , 
Frederick Seitz, Thomas K. Sherwood, and C. Richard Soderberg. 
In the meantime, the EJC Committee chaired by Eric A. Walker — 
President of the Pennsylvania State University, and also by 
then EJC President — has proceeded to draft proposed articles 
of incorporation and bylaws. The following March, upon the 
recommendation of the EJC, NAS President Frederick Seitz ap- 
pointed a formal incorporating "Committee of Twenty-Five" (10 
from the Engineering Division of the Academy of Sciences and 
15 non-members — all prominent engineers) charged with working 
as the National Academy of Engineering Committee of the NAS to 
secure a federal charter for a National Academy of Engineering 
and take the necessary steps to establish it. 

It was to this group that Seitz, in the interest of saving 
about two years' time and ensuring close cooperation between 
science and engineering, subsequently suggested an alternate 
founding mechanism; namely, a clause in its 186 3 Congressional 
Act of Incorporation giving the NAS the right to "make its own 
organization, including constitution, bylaws, rules and regu- 
lations". The "Seitz Plan" called for the establishment of the 
engineering academy under the Charter and within the framework 
of the NAS. This schema would permit the NAE to select its own 
members, officers, and governing council; establish its own by- 
laws; and entitled the NAE to use the existing NAS facilities 
and issue reports in its own name. 
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Subsequently, the NAS membership voted to "encourage 
the NAS president and Council to proceed with plans for 
the establishment of a National Academy of Engineering 
under the Charter of the NAS". 11 On December 5, 1964, 
the Council of the NAS approved the Articles of Organization 
of the National Academy of Engineering, thus bringing 
the NAE into being. Five days later, the Committee of 
Twenty-Five, acting as Founding Members, 12 adopted bylaws. 

The objects and purposes of the new Academy were 
declared: 

• To provide means of assessing the constantly 
changing needs of the nation and the technical 
resources that can and should be applied to them; 
to sponsor programs aimed at meeting these needs; 
and to encourage such engineering research as may 
be advisable in the national interest. 

• To explore means for promoting cooperation in 
engineering in the United States and abroad, with 
a view to securing concentration on problems 
significant to society and encouraging research 
aimed at meeting them. 

• To advise the Congress and the executive branch 
of the government, whenever called upon by any 
department or agency thereof, on matters of 
national import pertinent to engineering. 

• To cooperate with the National Academy of Sciences 
on matters involving both science and engineering. 

• To serve the nation in other respects in connection 
with significant problems in engineering and technology. 

• To recognize in an appropriate manner outstanding 
contributions to the nation by leading engineers. 



li Minutes of the Business Session, NAS Autumn Meeting, 
October 12, 196 4. 

12 Founding Members were: H. W. Bode, W. L. Cisler, 

H. L. Dryden, E. W. Engstrom, W. L. Everitt, A. M. Gaudin, 

M. L. Haider, G. E. Holbrook, J. H. Hollomon, T. C. Kavanagh, 

A. B. Kinzel, J. N. Landis, C. H. Linder, C. B. Millikan, 

N. M. Newmark, W. H. Pickering r S. Ramo, A. E. Raymond, 

T. K. Sherwood, J. A. Stratton, C. G. Suits, F. E. Terman, 

C. A. Thomas, E. A. Walker, and E. Weber. (See page ii.) 
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Early Efforts and Development Planning 



Appropriately, Augustus Kinzel was elected the NAE's 
fir9t president by the Founding Members and Dr. Work was 
asked to become the Academy's first secretary. Kinzel was 
succeeded in 1966 by Eric Walker, and in 1970 Clarence H. 
Linder, Vice President of General Electric, was elected the 
Academy's first full-tine president. Robert C. Seamans , Jr., 
formerly Secretary of the Air Force, assumed the presidency 
in 1973.13 

From the beginning, the NAE functioned as an inde- 
pendent organization within the NAS structure. Autonomous 
in such matters as internal organization and election 
of members, in its advisory functions it operated in 
close coordination with the NAS and shared in the 
responsibility of providing the various federal agencies 
with the information and advice they needed in matters 
of scientific and technical concern. Through this 
arrangement, the National Research Council was available 
to serve both academies in the discharge of their 
responsibilities . 

The NAE organizational structure was modeled some- 
what on that of the NAS: a Council with an Executive 
Committee, that established and oversaw the function of 
advisory committees which performed technical studies. 
The administration and other staff functions, including 
coordination of joint studies with the NAS and/or NRC, 
were also under the aegis of the Council, as were stand- 
ing committees for such internal operations as awards, 
auditing, finance, membership, and nominating. 

Within a year of its founding, the NAE moved its 
offices from the Engineering Foundation in New York City 
to the NAS building on Constitution Avenue in Washington, 
D.C. The fledgling Academy was soon involved — deluged 
may be more appropriate since there was then a total 
staff of five — in several projects, including joint 



13Dr. Seamans resigned as president on December 29, 
1974 to become the first administrator of the Energy 
Research and Development Administration (ERDA) . Courtland 
D. Perkins, the NAE's fifth and current president, assumed 
the position April 24, 1975. William E. Shoupp, NAE 
Vice President, served as acting president in the interim. 
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efforts with the NAS and the NRC, such as: 

• An advisory study relating to utilization of 
ocean resources; 

• A study on the state-of-the-art of earthquake 
engineering, with recommendations for a research 
program and follow-up damage reports on an 
actual earthquake; 

• A study on the scientific and technological base 

of Puerto Rico designed to assist in its industrial 
and economic development; 

• A symposium on traffic safety to examine the causes 
and consequences of traffic accidents. 



Responsiveness to the needs of the federal government 
was and is a primary Academy objective; another is to 
initiate studies when it sees the need. However, while 
the ambitions of the new NAE were large, its immediate 
resources were limited. As a start there were three 
Engineering Foundation grants totalling $30,000. In July, 
1965, largely through the efforts of President Kinzel, a 
$500,000 grant came from the Alfred P. Sloan Foundation — 
$400,000 to be applied toward the cost of the new NAS 
auditorium then under construction, the balance identified 
as unrestricted funds in support of initial operations. A 
particular area of concern was, though, and continues to be, 
an insufficiency of unrestricted funds to support new 
initiatives, especially in enabling the Academy to work in 
areas not mandated by a federal department. The NAE 1 s 
first effort to raise such income was highly successful, 
thanks to the endeavors in 1967 of a group of Academy 
members headed by Philip Sporn, Chairman, System Develop- 
ment Committee, American Electric Power Company. 

This led to a surge of new activities by the NAE, 
notably in the areas of energy and environmental engi- 
neering. In 1969, the Academy organized a development 
planning effort around a series of workshops for mem- 
bers, to search out and define critical areas. Three 
were identified, leading to the creation of new NAE 
committees on Engineering Aspects of Environmental 
Quality (CEAEQ, later Committee on Environmental Engi- 
neering) , on International Activities, and on Trans- 
portation. One of the activities initiated by the 
CEAEQ was the well received energy-related study on 
power plant siting described on page 31. 
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The Office of the NAE Foreign Secretary was created 
at this time also, to work closely with the existing Office 
of the NAS Foreign Secretary. Bruce S. Old, Senior Vice 
President of Arthur D. Little, Inc., was appointed to 
the position in January, 1970, and held the post for five 
years. The NAE foreign secretary was responsible directly 
to the NAE Council for the Academy's international 
activities, and simultaneously served as chairman of the 
newly created Committee on International Activities which 
was to be responsible for Academy participation in this 
sphere. To facilitate cooperation with the NAS in this 
area, Old was also appointed a deputy foreign secretary 
for engineering affairs of the National Academy of Sciences. 

Thus the NAE expanded its scope, both in terms of 
technical and advisory activities and internal operations. 
By the end of 19 70, the committee structure and work had 
more than doubled, and joint activities tripled. The 
membership reached 329 and the original staff of five had 
expanded to almost 50. A wide spectrum of engineering 
disciplines was brought into play in a series of activities 
ranging from aerospace engineering to transportation and 
engineering policy. 14 



Relationship with the NAS and NRC 



The National Research Council was established by the 
NAS in 1916 at the request of President Wilson. It was 
conceived as the working arm of the NAS, consisting of a 
volunteer pool of talent with wide ranging expertise in the 
many issues considered by the Academy. It has evolved 
through the years to become the institutional framework for 
most of the studies conducted under the aegis of the NAS 
and the NAE. 

Following its establishment in 1964 and especially 
by the late 1960s the NAE's role with respect to the 
National Research Council had become a troublesome issue for 
both NAS and NAE, centering on the point that the best means 
to accomplish a scientific study is not always the best way 
to carry out an engineering study. 15 



1 4 Representative technical activities of the Academy 
during its first decade are described in Section II, 
"The Academy's Work". 

ic A. Walker, "Report of the President" to the mem- 
bers of the National Academy of Engineering, April 30, 1970. 
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The NRC was controlled via its Governing Board by 
the NAS Council. The NAE felt it should have a more direct 
voice in NRC operations, particularly those pertaining 
to engineering and technological matters. This harked 
back to the rationale which sparked the creation of the 
NAE , namely, service to the nation by making the highest 
resources of the profession available for the attack 
upon the technological problems confronting modern society 
— a principle similar to that upon which the NAS was found- 
ed. Moreover, this was to be done through the membership, 
for the NAE was intended to be a working organization, with 
as many members as possible participating in its operations. 

It was assumed by all that the NRC would be fully 
utilized by the NAE in the same manner that the NAS had 
used the NRC. In particular it was expected that the 
NAE would jointly manage with the NAS those activities 
of the NRC relating to engineering — an estimated 40 
percent of the Research Council's programs. 17 However, 
effective joint management of these activities did not 
materialize . 

Thus, as the NAE approached its second anniversary, 
although President Walker was able to write that "things 
have worked out very well", 18 some elements of competition 
were incipient. 



l^Julius a. Stratton, "Advice to a New Academy", 
Science , Vol. 149, September 10, 1965, pp. 1206-1208. 
Minutes of the NAE Council, June 17, 1968, Appendix I, 
presentation by Eric A. Walker. 

17 In a presentation on April 27, 1964 at the first 
meeting of the Committee of Twenty-Five, President Seitz 
said, "Speaking in general terms, I am inclined to think 
that it (a close association of the NAS and NAE) would 
imply working toward joint management of the aspects of 
the NRC which are closely related to engineering". 
Again, reviewing NAS /NAE operations in mid-1966, Seitz 
wrote: "It is intended that the NAS and NAE use the 
NRC jointly to serve most of the advisory responsibilities 
of the NAS corporation regardless of which Academy may 
have the primary interest ... .As the NAE receives requests 
to carry through advisory work, it is anticipated that 
it will almost without exception wish to use the NRC as 
the organization for managing advisory studies..." 
[Frederick Seitz, letter to NAE members dated June 27, 
1966, transmitted with cover letter signed by Eric A. 
Walker, dated June 28, 1966.] 

18 Walker, ibid. 
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The NAE's only formal input into the NRC was through 
the representation of the Executive Committee of the NAE 
Council on the Governing Board, otherwise composed of 
members of the NAS Council, the chairmen of the divisions 
of the NRC , and the chairman of the Advisory Committee of 
the Office of Scientific Personnel of the NRC. However, 
only members of the NAS Council on the Governing Board 
were permitted to vote on fiscal matters. The NAE, Seitz 
wrote, shares joint responsibility and authority in the 
operation of the NRC, and its Council is parallel to that 
of the NAS except that the latter has special responsi- 
bilities toward the NAS corporation. He pointed out the 
dual nature of the NAS — as an honorific membership 
society and as an umbrella organization over the NAE, 
NRC, and NAS proper, in which role "it is the legally 
and fiscally responsible corporate body within which the 
NAE and our other component parts play a role. It is my 
opinion that as the pattern of organization we jointly 
have initiated in creating the NAE as part of the NAS 
corporation develops, the NAE will gradually grow closer 
to the NAS in sharing responsibility for the operation 
of the NAS corporation" .19 

Finding meaningful discussion of policy in the 
Governing Board difficult, the NAE came to view the staff 
and committees as the level at which serious direction 
could be given to the work of an NRC activity. Here 
too, it appeared that no satisfactory mechanism was 
established although there were efforts to develop more 
direct NAE contact with the NRC. 20 

The key to the increasingly complex interrelationships 
between the NAS , the NAE, and the NRC was the divergent 
philosophic approaches of the two Academies to the NRC. 
Simply stated, the NAS assumed it had open-ended respon- 
sibility to provide technical study services to all govern- 



19 Seitz, ibid . 

20 For example, the NAS Council invited the NAE Council 
to designate an NAE member to serve as vice chairman of 
the NRC, and Clifford C. Furnas was so appointed in late 
1967. He had limited authority, however, for as Seitz 
observed, "...the NRC has only one officer, i.e., a chair- 
man, who is also President of the National Academy of 
Sciences..." and the NAS executive officer serves the NRC 
in the same capacity and has principal staff responsibility 
for its programs. [Seitz, ibid . See also Minutes of the 
NAS Council, April 24, 1966; Minutes of the NAE Council, 
November 16, 1967, January 18, 1968, and June 17, 1968.] 
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ment agencies, with the resultant growth of its administra- 
tive arm, the NRC, as a large organization for the 
management of these studies in various fields, involving 
more non-members than members. Consequently, some in the 
NAE viewed the contribution of the NAS membership to the 
NRC and the operative interaction between the NAS and 
NRC to be minimal and its management to be somewhat diffuse.^ 

On the other hand, on the basis of its founding princi- 
ples as a working organization whose expertise and knowledge 
would be made available to government, the NAE emphasized the 
effectiveness of membership participation and strong central 
management. Although not precluding the use of non-NAE 
people, this criterion presented a practical limitation to 
growth. 22 

Consequently, the NAE decided to try operating in 
two different ways. Seeking to maintain closer liaison 
with its technical committees, the Academy established 
several units directly responsible to its Council. 2 -* At 
the same time it continued to use the mechanism of joint 
committees with the NAS and within the NRC, primarily in 
the Division of Engineering. 24 Despite this, there were, 
apparently, mixed feelings among the members about the NAE 
developing its own committee structure. 25 



^Letter from NAE Councillor Chauncey Starr to 
Eric A. Walker, dated May 9, 1968; "Science's All-Purpose 
Savant", Business Week , March 30, 1967, pp. 157-158; Minutes 
of the NAE Council, June 17, 196 8, Appendix II, presentation 
by Frederick Seitz. 

22 Ibid. 

23 For example the Aeronautics and Space Engineering 
Board, the Committee on the Interplay of Engineering with 
Biology and Medicine, the Committee on Mine Rescue and Sur- 
vival Techniques, and the Committee on Telecommunications. 

24 Many of the organizational problems revolved around 
NAE's relationship with the NRC's Division of Engineering. 
The first major NAE technical committee, for instance, the 
Committee on Ocean Engineering, initially placed in the 
Division, was withdrawn and reconstituted at the request of 
its members under the aegis of the NAE Council because it 
was felt the NAE had lost administrative control of it. 
[Minutes of the NAE Council, June 17, 1968, Appendix I; and 
December 9, 1968.) 

25 Ibid. Also, correspondence between members of the 
Council, summer, 1968. 
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As Detlev Bronk put it,* b "one of the difficulties 
that we kept coming up against was in clarifying the 
difference between an engineer and a scientist..."; yet 
it is important to have an intimate relationship between 
the two Academies and joint responsibility for the NRC. 
As the time gap between fundamental research and its engi- 
neering application closes, the need for cooperation grows. 

Recognizing the need to clarify the intertwining 
relationships, the Academies agreed to joint meetings of 
their representatives during the summer of 1968 to discuss 
NAE operations . 27 on November 4 that year, the Joint 
NAS/NAE Study Group agreed that a plan for reconstituting 
the NRC Governing Board should be drafted for consideration 
by the Councils of the two Academies. 28 This plan called 
for maintaining the present organizational structure of the 
NRC but proposed reconstitution of the Governing Board to 
include the Executive Committees of the two Councils, the 
chairmen of the eight NRC divisions and the chairman of the 
Advisory Committee to the Office of Scientific Personnel. 



26 Minutes of the NAE Council, June 17, 196 8, Appendix 
III, presentation by Detlev W. Bronk, NAS past-President. 

2 ^Namely, the manner in which the NAE could operate to 
preserve the essential identity that its membership found 
necessary, and the manner in which it could work effectively 
within the overall corporate NAS structure. [Minutes of 
the NAE Council, April 24, 1967; Minutes of the Joint NAS/ 
NAE Study Group, August 5, 1968.] Seitz and Walker apparently 
felt that the NAS/NAE Joint Board set up in compliance with 
the Articles of Organization to consider policy matters was 
too small and limited for the task. [Minutes of the NAE 
Council, June 17, 1968, Appendix I.J The Joint Study Group, 
precursor of the Joint Negotiating Team created some three 
years later, consisted of the Executive Committee of the NAE 
Council and an NAS ad hoc Group as follows: 



NAE 

Henri G. Busignies 
Walker L. Cisler 
Walter R. Hibbard, Jr. 
Clarence H. Linder 
John R. Pierce 
Eric A. Walker 



NAS 

Detlev W. Bronk 
Harvey Brooks 
Nathan M. Newmark 
Emanuel R. Piore 

Frederick Seitz (NAS President, ex 
officio member of the NAE CouncIT 
and its Executive Committee) 

Julius A. Stratton 

John C. Warner 



1968. 



2 Minutes of the Joint NAS/NAE Study Group, November 4, 
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The document noted that the NAE Council would continue 
to assign certain operations to its own boards and 
committees reporting directly to it. One basis for 
assigning a project to an NAE rather than an NRC group 
would be the conclusion that the work should be performed 
primarily by NAE members. 



When the NAE was formed, provision had been made to 
review its organizational status within the NAS corporation 
at the end of five years. In December, 1969 a committee 
consisting of NAE members H. Guyford Stever (serving as 
Chairman), Julius A. Stratton, and Edward E. David, Jr. 29 
was appointed to conduct such a review of NAE operations 
and report back to the NAE Council. Meanwhile, Frederick 
Seitz was succeeded in the NAS presidency by Philip Handler, 
who, responding to the growing feeling within the NAS 
that the NRC should be reorganized, appointed a committee 
chaired by Franklin A. Long, Vice President for Research 
and Advanced Studies, Cornell University, to make a study 
of the NRC and its relationship with the NAS and NAE. 30 
The Long Committee Report, made to the NAS Council in 
March, 1970, in part suggested that the NRC be reorganized 
and that its discipline-oriented divisions be replaced 
by problem-oriented councils — for example, on transpor- 
tation, environment, etc. — and recommended the creation 
of institutes which would provide a "linkage between the 
NAS and the councils of the NRC" . ^ Additionally, it was 
proposed that the NAS consist of four distinct academies 
(Mathematical and Physical Sciences, Life and Social 
Sciences, Health Sciences, and Engineering). 32 While 
at its Business Session on April 28, 1970, the membership 
of the NAS did not take action on specific recommendations, 
it accepted the report on the reorganization of the NRC 



Respectively, President, Carnegie-Mellon University; 
Chairman of the Board, The Ford Foundation; Executive 
Director, Research Communications Systems Division, Bell 
Telephone Laboratories, Inc. [Minutes of the NAE Council, 
November 7, 1969.] 

30 Lawrence R. Hafstad, Vice President, Research Labor- 
atories, General Motors Corporation, was appointed to the 
Long Committee as an NAE representative. Ibid . 

"The Organization and Functions of the National 
Academy of Sciences and National Research Council", Report 
of the Committee on the Review of the National Research 
Council, March 10, 1970. 

32 Ibid . 
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and instructed President Handler to proceed with further 
discussions on the proposed restructuring and to develop 
alternative proposals to include a more precise state- 33 
ment of objectives, relationships, and responsibilities. 

NAE's reaction to the Long Report and its qualified 
endorsement by the NAS membership was cautiously positive, 
although several questions were raised as to whether the 
proposed reorganization plan could fulfill the objectives 
of the NAE. 3 ^ The NAE Council later accepted the Stever 
Committee recommendations to work with the NAS in exploring 
the potential of the Long Report and in seeking a clear 
definition of the organizational questions and differences 
as well as active participation by the NAE Council in any 
proposed reorganization of the NRC. 35 The Council authorized 
Clarence H. Linder, elected April, 1970 to succeed Walker as 
NAE president, to proceed with developing recommendations on 
alternative organizational structures for the NAE. 36 

Discussion between the NAS and NAE on the reorganization 
of the NRC and the concomitant NAS /NAE /NRC relationships 
continued for three and a half years, often becoming 
tortuous and strained. Negotiations were conducted by 
representatives of the Academies, eventually constituting 
a Joint Negotiating Team, reporting directly to their 
respective Councils. 37 Meanwhile, the NAS proceeded to 



3 3 Annual Report to the Congress for the NAS corporation 
for the fiscal year 1969-1970, summary of the Business 
Session of the 107th Annual Meeting of the NAS, p. 144. 

34 Specif ically, the questions related to the management 
responsibilities, financial independence of the Academies, 
and study committee structure. [Minutes of the NAE Council, 
March 11, 1970 and May 1, 1970.] 

35 Minutes of the NAE Council, April 3, 1970 and May 
1, 1970. 

36 Minutes of the NAE Council, May 1, 1970. 

37 The Stever Committee was eventually succeeded by an 
ad hoc committee concerned with reorganization of the NRC 
consisting of the NAS and NAE presidents and two repre- 
sentatives from each Council — James V. Neel and John 
W. Tukey for the NAS; and Robert W. Cairns and John H. 
Dessauer for the NAE. [Minutes of the NAE Council, April 30, 
1971, June 15, 1971, and December 20, 1971.] The individ- 
uals serving as the Joint Negotiating Team in late 1973 
when negotiations finally came to fruition were: Robert 
W. Cairns, John H. Dessauer, and Frederick A.L. Holloway (NAE); 
Emanuel R. Piore, Kenneth S. Pitzer, and Harrison Shull (NAS). 
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implement some aspects of the Long Report and the NAE 
explored three options for its future operations: 
continuing the status quo; separate incorporation of the 
Academy as a not-for-profit corporation; accomodation 
with the NAS on joint governance of the NRC. 38 

The reorganization issue was finally resolved in 
the fall of 1973 when the Councils of the NAS and NAE 
individually approved a "Statement of Principles Governing 
Joint Operation of the NRC by the NAS and NAE". 39 This 
agreement, overwhelmingly endorsed by the memberships of 
the Academies at their Annual Meetings the following year, 
was promulgated July 1, 1974. Thereby, all advisory 
activities of the Academies were to be undertaken within 
the NRC, reorganized into eight major units, including 
the Assembly of Engineering incorporating all existing 
NAE studies. 4" The Governing Board was reconstituted to 
include seven representatives from the NAS Council, four 
from the NAE Council, and two from the Council of the 
Institute of Medicine (IoM) of the NAS. The president/ 
NAS would serve as chairman/NRC and the p resident/NAE 
as vice chairman. Additionally, the chairman of the 
Assembly of Engineering was to be nominated by the Council 
of the NAE. 41 In this way, the interest and responsibility 
which the NAE shares with the NAS in a variety of inter- 
disciplinary programs was recognized. 



38 Minutes of the NAE Council, April 30, 1971. 

39 By the NAS Council on October 21, 1973 and by the 
Executive Committee of the NAE Council, acting for the 
Council, on October 24, 1973. Robert C. Seamans , Jr. had 
been elected to the NAE presidency by this time, succeeding 
Clarence Linder, who had resigned in May of that year. 

^Responsibility for many aspects of the operations 
of the total NRC were accordingly delegated by the Governing 
Board to these units: four discipline-oriented Assemblies 
on Behavioral and Social Sciences, Engineering, Life 
Sciences, Mathematical and Physical Sciences; and four 
multi-disciplinary Commissions on Human Resources, Inter- 
national Relations, Natural Resources, Sociotechnical 
Systems (into which were placed the eld Division of 
Engineering projects) . 

41 XAE President Courtland D. Perkins currently 
Serves also in this capacity. 
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Membership 



Election to membership and foreign associateship in 
the NAE is on the basis of identifiable contributions or 
accomplishments in one or both of these categories: 
(1) important contributions to engineering theory or 
practice, including significant contributions to the liter- 
ature of engineering, and (2) demonstrations of unusual 
accomplishments in the pioneering of new and developing 
fields of technology. 42 

In theory, the nomination and election process of the 
NAE is a straight-forward matter but, in practice, some- 
times difficult to implement. Credit for accomplishments 
in scientific research, for instance, can be traced 
through publications, while the source of significant 
engineering accomplishments is often hidden in blueprints, 
design products, computer programs, and finished structures. 

To deal with such considerations, the NAE has 
evolved a fairly sophisticated election process which, by 
the Twelfth Election concluded in spring, 1974, involved 
the efforts of over 75 volunteers and three full-time staff. 
This election brought the NAE membership to 503 (see 
Appendix I) ; up to that time, however, the provision for 

electing foreign associates had not been activated. 

Nomination and election procedures are developed by 
the Committee on Membership and approved by the Council 
of the Academy, and ultimately involve the entire member- 
ship. The multi-step process has always required that 
each candidate be nominated by an Academy member and that 
each nomination be supported by a specific number of 
references who are also Academy members. The mechanism 
for the evaluation of nominations has undergone several 
refinements during the Academy's first decade, but always 
with the intent of enhancing the effectiveness of the 
election cycle in ensuring the eminent qualifications of 
candidates . 

The search for qualified candidates and growth of 
the membership offer the NAE an opportunity for continuing 
self-examination. The high quality of that membership, with 
its diversity of expertise, is the strength of the Academy 
and its base for continuing to meet its purpose of infusing 
engineering viewpoints into consideration of national 
issues . 



^Articles of Organization, Article V; Bylaws, 
Article II, Section 4. 
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Future Directions 



The NAE made significant contributions to the 
solution of national problems in its first ten years, 
largely from organizing and applying its expertise to 
problems that were of concern to specific federal 
executive departments. It now has the opportunity to 
perform an expanded national service by acting in concert 
with the NAS and IoM, using the NRC as the institution 
for this collaborative effort. In this way the 
opportunities for the NAE have been broadened so that 
more effective ongoing support can be provided the 
federal government. 

Many of our most vexing national problems, however, 
are of a kind and a scale that transcend narrow insti- 
tutional boundaries. The complex interdependence of our 
society is increasingly evident through the emergence 
of problems that affect large numbers of persons, yet are 
not within the jurisdiction of any specific institutional 
entity — a situation in which everybody's problems are 
nobody's responsibilities. Many of the most pressing 
problems have their solutions, if they exist, in scientific 
discovery and technological development — energy, food, 
pollution, water resources, materials resources, and 
transportation represent few. 

Anticipatory initiatives by the NAE to provide the 
needed national focus on these classes of problems could 
expedite the development of long-term policies and programs 
for their implementation. Properly conducted, such leader- 
ship efforts would enhance the capability of NAE members 
as individuals, and the Academy as an institution, to 
participate more effectively in the formulation of vital 
national actions. 

The NAE is investigating appropriate areas of study 
in which it could take the initiative, together with 
approaches, modes of operation, and methods of financing. 
From this review there will emerge a blueprint for future 
initiatives that could be undertaken by the Assembly of 
Engineering, other NRC units, or by the NAE itself, if 
appropriate. Such initiatives, coupled with a continuing 
broad program of support for current governmental acti- 
vities, promise an even more expanded NAE involvement in 
vital national problems than it has had in its first 
decade of existence. 
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II. THE ACADEMY'S WORK 



Technology enables man to exert his will over his 
surroundings, and in the 20th Century that ability has 
increased vastly. That a strong technology is essential 
to a modern society seems axiomatic. Technology can 
increase productivity to yield more goods at lower cost. 
Optimization and other technological tools can assist 
in making the most effective use of finite resources. 
Technology can contribute to the maintenance of a favor- 
able balance of trade. Imaginative uses of communica- 
tions' technoloay can help in redressing education 
imbalances for disadvantaged inner city children. Earth 
surveys by satellite can report on the state of our planet, 
assist in locating resources, and assess the effects of 
man's activities. 

However, if improperly used, technological benefits 
may be achieved at the expense of inordinate social costs. 
Avoiding such imbalances requires reasoned judgments of 
the costs, benefits, and effects of technological options. 
Quoting Jerome B. Wiesner, "many of the problems the 
world faces will require substantial doses of technology if 
they are to be solved — sensitively relevant technology, 
conceived and developed with the understanding that 
technology can create problems, too". 43 

The National Academy of Engineering has attempted 
to focus its activities on specific issues of relevant 
technology, with efforts encompassing not only techno- 
logical expertise, but also balance of technology with 
societal and economic factors. This is the thrust of 
engineering. 



4 3 Jerome B. Wiesner, (President, Massachusetts Institute 
of Technology), "Technology is for Mankind", Technology Review , 
May, 1973, page 10. 
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Representative examples of some of the NAE's work 
during its first decade are described in the following 
pages. Those advisory units which were transferred to 
the Assembly of Engineering of the National Research 
Council when the Assembly was established July 1, 1974, 
are included in Appendix IV. 



Aeronautics and Space 

The Academy's role in the nation's aeronautics and 
space effort has been to seek a basis for recommending 
research and development priorities for programs to be 
supported by the government, to assure the continued 
strength and pertinence of the nation's research programs, 
and to assist in the sound management of our national 
development efforts. 

Two boards of the National Academy of Engineering shared 
the responsibility of working with the National Aeronautics 
and Space Administration (NASA) in reviewing the nation's 
aeronautics and space programs. The Space Applications 
Board (SAB) formed in 1973, concentrated on identifying 
major services which could be provided more usefully or 
economically by space-based systems. The Aeronautics and 
Space Engineering Board (ASEB), established in 1967, 
concentrated in more detail on the technological content 
of ongoing and planned programs within NASA and other 
government agencies (Departments of Defense, Transportation, 
etc.). The ASEB has served also as a source of information 
and has provided engineering assistance to the Space 
Science Board of the National Academy of Sciences during 
its deliberations concerning the use of space for scientific 
purposes . 



While civil aviation is only a part of the total 
transportation system, it has been by far the most dynamic. 
Flight vehicle design for civil air transportation is 
influenced not only by advancements made possible by expanding 
aeronautical technologies, but also by the extent to which 
air transport systems are compatible with the total trans- 
portation system and the population it serves. Aviation 
research and development in the past has been concerned 
primarily with improving flight vehicle performance. It 
remains essential that the total system of air space use, 
social impact, and energy utilization be considered so 
that new research can be directed toward the most critical 
problems of the total system. 
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As the result of consultation with officials of NASA , 
the Department of Transportation (DoT) , the Federal Aviation 
Administration (FAA) , the President's Science Advisor, 
the National Aeronautics and Space Council, as well as 
other government and private groups, the Academy's ASEB 
conducted "An Assessment of Federal Government Involvement 
in Civil Aviation Research and Development". After 
considering the multiplicity of factors affecting the growth 
of civil aviation, it was concluded by the study that the 
three most critical factors are: (1) airport and support 
facilities, (2) noise, and (3) air traffic control. The 
most important recommendation concerned the necessity of 
knitting together more tightly the civil aviation research 
and development activities of the DoT with its major 
operating unit, the Federal Aviation Administration, and 
NASA — and especially the desirability of dividing their 
responsibilities according to capability. 

The Academy effort provided the framework for the 
subsequent Civil Aviation Research and Development Policy 
Study (CARD) , which was undertaken jointly by the Department 
of Transportation and NASA in response to a recommendation 
by the Senate Committee on Aeronautical and Space Sciences 
of the 90th Congress. This study concurred with the earlier 
ASEB assessment that noise and congestion, the latter 
encompassing air traffic control and airport facilities, 
are the two highest priority problems facing civil aviation. 

In considering the results of its ongoing studies, the 
ASEB suggested the following major areas of emphasis appropri- 
ate of recognition by NASA m creating future aeronautical 
technology programs: 

• the need to continue a strong, technically-oriented 
program to insure that later generations of commercial 
aircraft will be inherently more socially acceptable, 
economically viable, and efficient in the use of 
limited energy resources; 

• the need for continuous consideration of air trans- 
portation as an essential mode in our national and 
international transportation network; 

• the necessity of addressing not only the airplane and 
propulsion elements in maximizing the potential 
operational efficiency, but also the total operating 
system to determine if new concepts of system 
elements can help in minimizing energy consumption or 
in reducing unwanted social impacts. 



22 



Copyrighted material 



Among the many activities undertaken by the ASEB , two 
relate closely to the first and second foregoing major areas 
of emphasis. One dealt with considerations of the technology 
critical to possible eventual development of an advanced 
supersonic transport-type aircraft. On this matter the ASEB 
believed attainment of an economically and ecologically viable 
supersonic transport to be still elusive, requiring a 
significant breakthrough in some combination of propulsion, 
structure, and aerodynamics. It was suggested that NASA 
attempt to emphasize fundamental research that holds promise 
of significant gains in drag, structural weight, and 
propulsive efficiency. 

The second activitity dealt with conservation of 
aircraft energy and methods by which it might be improved. 
Certain of the ASEB's early deliberations have been adopted 
by NASA in accelerating its program on alternative aircraft 
fuels, a program that has included also the U.S. Armed Forces 
and segments of the aerospace industry. Other ASEB suggestions 
dealt with the distinct possibility, by the 1980s, of a 
subsonic, commercial jet transport airplane designed for 
operation within a sophisticated air traffic control system 
with up to 50% savings in fuel: a prerequisite is timely 
availability of adequate funds to permit essential technological 
advances . 

In recognition of the need for suppression of helicopter 
and V/STOL noise in military operations, the United States 
Army Research Office sponsored a joint Army/NAS/NAE conference 
on the matter. The conference concluded that noise of V/STOL 
configurations can be appreciably reduced but, unfortunately, 
only by penalizing performance severely. Two recommendations 
emerged in the ASEB's report of the conference: (l)that criteria 
should be established for determining the quantitative 
benefits and costs of noise reduction in both military and 
commercial operations; and (2) that a basic research program 
including analytical studies and experimental investigations 
should be initiated to determine the mechanisms of noise 
generation by rotors and propellers. 



In the course of meeting the national goal of landing men 
on the moon and safely returning them to earth, technological 
capabilities have been developed which have important potential 
uses for the benefit of mankind. A main thrust of the nation's 
space program could now be directed at assuring the appli- 
cation of these capabilities to surveys of the resources of 
the earth (particularly food and energy resources) , explo- 
ration of new services which communication satellites may 
provide, and other endeavors related to man's activities on 
the earth. Since 1972 the Academy, through its Space 
Applications Board, has provided to leaders in the federal 
government an independent assessment of issues and activities 
related to such practical uses of space systems. 
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One of the problems identified by the board is the lack 
of adequate institutional means to link effectively those 
who are potential users of the information and services which 
earth-oriented satellites can provide with the technologists 
who develop and operate space systems , so that space systems 
and space technology may be fully responsive to user needs. 
Accordingly, the board conducted, during the summer of 19 74, 
a user-oriented study of practical applications of space sys- 
tems. This study brought together about 100 persons from 
federal, state and local governments, business and industry, 
and the academic community, about 70 of whom were senior and 
experienced resource managers and other potential users. The 
study considered the possible applications of space systems 
to monitoring and predicting weather and climate, to communi- 
cations, to land use planning, to agriculture, to detection 
and monitoring of the quality of the environment, to marine 
and maritime activities, and to processing of materials in 
space. The results of the study, in terms of what information 
is needed by users, how they use the information in making 
decisions, and what impact space-derived data might have on 
results achieved and on costs of obtaining the needed infor- 
mation, are expected to have an important influence on space 
program planning. 



Communications 



Communications is the transmittal of information between 
people, between people and machines, and between machines. 
In a modern society communications is a major concern in nu- 
merous vital areas : urban services, health-care delivery, 
crime control, transportation, and education, for example. 
The bulk of the Academy's work in communications has been in 
tele- communications — the acquisition, transmittal, and pro- 
cessing of information electronically. 

The NAE's Committee on Telecommunications was initially 
organized in 1968 at the request of the President's Task Force 
on Communications Policy, to provide counsel on telecommuni- 
cations technology for a study being conducted by the Task 
Force. The committee set up three panels dealing with: (1) 
long distance communications by wire, radio, and satellite; 

(2) electromagnetic compatibility (spectrum utilization) ; and 

(3) urban communications. The final report on this assignment 
was completed in November , 1968, with a major part of the work 
involving informal contacts between the panels and the Task 
Force. The work of the Urban Panel as a practical study of 
technology applied to societal needs, showing the manner in 
which electronics-information technologies could be used more 
imaginatively to upgrade city functions, was of such interest 
that the Department of Housing and Urban Development (HUD) , 
which had provided the funding for the original study, organ- 
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ized a federal consortium to fund a deeper study on how tele- 
communications could contribute to better life in the cities. 
The consortium included the Departments of Commerce and Trans- 
portation, the National Science Foundation (NSF) , U.S. Postal 
Service/ and the Federal Communications Commission. Later, the 
Department of Health, Education and Welfare (HEW) signified 
its intention to join. 

As the result of a study commissioned to make specific 
suggestions for telecommunications pilot projects to improve 
city life, the committee developed 18 specific recommendations, 
a number of which are being implemented in various stages of 
experimental study and applications. Among these are: 
several telemedicine projects sponsored by HEW and NSF for the 
application of communications-information technologies to 
improve health care; an in-depth examination by the Department 
of Justice of the Automatic Location Identification of an 
emergency phone call conducted in Alameda County, California; 
the New Rural Society Project in Connecticut, funded by HUD, 
to examine the use of telecommunications as a tool for stimu- 
lating desirable regional development; two major developmental 
projects in computer-assisted instruction — PLATO 44 at the 
University of Illinois and TICCIT 45 at the Mitre Corporation — 
funded by the NSF. 

At the request of the NSF the committee examined the 
subject of telecommunications research in the United States 
and other technologically advanced countries. The study 
concluded that this country is doing well in most important 
areas of telecommunications research, but that significant 
improvement is needed in the application of the results of 
this research to societal betterment and to products and 
services useful toward a better U.S. balance of international 
trade. As the result of the committee's conclusion on inter- 
national trade, an important study on the subject was initiated 
by the Department of Commerce. 

The committee's panel on Electromagnetic Compatibility, 
whose name was later changed to the Panel on Spectrum Value, 
looked into the complex subject of how social and economic 
values could be applied to spectrum management. The panel 
concluded that no useful mathematical formula could be designed 
for making spectrum value judgments, and that the optimum 
practical management of the spectrum depended on wisely 
weighing the pros and cons of various options, and taking 
appropriate action on the basis of all the relevant information. 



4 Programmed Logic for Automatic Teaching Operation. 

4 *Ti me-shared, Interactive Computer-Controlled Information 
Television. 
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The committee also evaluated for HUD the latter* s Urban 
Information Systems Inter-Agency Committee (USAC) Program, 
related to the experimental use of communications-information 
systems to improve city functions. Shortly before its 
transfer to the Assembly of Engineering of the National Researcn 
Council, the committee embarked on a study of the desirable 
framework for the evolution of the metropolitan communications 
network of the future, including such aspects as technology, 
economics, social ramifications, user wants and needs, and 
federal policy implications. 



Disasters 



The Academy's work on the subject of disasters has been 
diverse, ranging from the consideration of earthquake engineer- 
ing to coal mine disasters. 

The NAS/NAE/NRC Committee on Earthquake Engineering Re- 
search 46 was sponsored by the National Science Foundation to 
address the practical problems posed by earthquakes and discuss 
the research needed to solve these problems. The purpose was 
threefold: to describe the nature of the earthquake problem 
and the state of knowledge in the field; to indicate to research 
workers the areas where knowledge is lacking and where further 
research is needed; and to bring the earthquake problems to 
the attention of government agencies and other organizations 
that may initiate, direct, or fund research, and to provide them 
with information helpful in planning. 

In view of the potential impact of destructive earthquakes 
on public safety and welfare, the continuing nature of the 
problem, and the expected increase of population and investment 
in construction, the committee recommended that a strong program 
of research be developed that is aimed at solving the major 
problems of safety and economy posed by the occurrence of 
earthquakes. The recommended research program was to address 
ten specific areas of concern, which included: the social 
and economic aspects of the earthquake problem which provide 
the basic motivation for earthquake engineering, as well as for 
earthquake engineering research; the problems of strong-motion 
seismology, including ground motions, required instrumentation, 
and necessary measurements; soils, foundations, and earth 
structures, which have been responsible for major disasters in 
past earthquakes; and structural dynamic analysis. Under the 
first area, one of the committee's five specific recommendations 



46 As its charge was expanded, the committee underwent sev- 
eral name changes, ultimately becoming the Committee on Natural 
Disasters (see page 132) . 
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was that the cost-benefit ratio for earthquake protection should 
be determined. That is, evaluate the true cost of providing 
various degrees of earthquake resistance, and from this deter- 
mine the economically proper investment to make for protection 
against earthquakes in the less seismic, as well as the more 
seismic, regions of the country. 

An additional function of the Committee on Earthquake 
Engineering Research was to obtain information on the geological 
and structural effects of earthquakes through the use of on- 
site inspection teams which were dispatched immediately following 
the occurrence of such an event. Typical of such activity, 
which was also supported by the NSF, was the inspection made 
in Caracas, Venezuela, following the earthquake which occurred 
on July 29, 1967. Because of the quick reaction to the news 
of the earthquake, it was possible to observe and record a 
substantial portion of the critical structural damage before 
it was disturbed by operations of demolition or repair. 

The Caracas earthquake occurred a few seconds before 8 p.m. 
local time, with a magnitude rated at 6.3 to 6.5 on the Richter 
Scale. The epicenter was placed at approximately 35 miles from 
the city. The characteristics of the ground motion in the city 
were unknown because there was no operational strong-motion 
instrument in or near Caracas at the time, but indirect evidence 
indicated that strong shaking continued for 15 to 20 seconds, 
with the whole event lasting about 4 0 seconds. Although 
Caracas was founded in 1567, the major portion of its development 
was recent. Consequently, it contained a very high proportion 
of modern construction, including over 7,000 structures of four 
stories or more, all but a few of these having reinforced concrete 
frames. There were only a few buildings with intentional shear 
walls, and filler walls of brick or tile, used liberally, were 
assumed not to affect structural response. 

A total of eight major buildings collapsed and over 200 
buildings were damaged, with a loss of life exceeding 275 persons. 
One of the more significant features of the structural damage 
was the salient effects of "overturning moment" or vibratory 
forces which tend to make a building rock upon its base. A 
routine application of methods embodied in most seismic design 
codes to the damaged structures in Caracas would not have 
highlighted the overturning -moment effects. The committee 
recommended that this feature of the codes needed reevaluation 
in light of evidence from Caracas. Another significant feature 
of the observed damage was the interaction of "nonstructural" 
filler walls with structural frames which produced a structural 
response quite different from the idealized response on which 
the design calculations were based. The committee recommended 
that this phenomenon should also receive attention in designing 
buildings and in revising pertinent building codes. 
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The Committee on Mine Rescue and Survival Techniques, 
an ad hoc unit, was established in March, 1969 at the 
request of the U.S. Bureau of Mines to conduct a study program 
to assess the technological capabilities that can be applied 
to survival and rescue techniques following coal mining 
disasters. Initially, the study was to be conducted in three 
phases. In the first phase a mine rescue and survival system 
that could be developed in one year from existing technology 
would be defined. In the second phase a more advanced system 
that could be realized with a five to seven year research and 
development program would be planned, and in the third phase 
the necessary research and development program would be 
planned. 

In designing the first phase or interim system, however, 
much of the basic data necessary to design the second phase 
system was found to be unavailable, e.g. specific knowledge 
of the conductivity, seismic characteristics, and drill 
strength of strata overlying coal seams; the metabolism and 
respiratory rates of men striving to escape or reach chambers, 
or at rest within refuge chambers, etc. The second phase of 
the study accordingly was modified to be devoted to planning 
the research and development program to acquire the needed 
data from which an advanced system could evolve. 

The interim system proposed by the committee consisted of 
a survival subsystem using improved emergency breathing devices 
and refuge chambers, a communications subsystem using seismic 
or electro-magnetic devices to locate and communicate with 
survivors, and a rescue subsystem of large- and small-hole 
drilling equipment and rescue teams. The characteristics of 
each subsystem were described in some detail. The facets of 
the research and development program recommended by the 
committee as a prerequisite to the development of an advanced 
system concerned the same subsystems, and included: 

• Survival Subsystem — expanded efforts in modeling mine 
explosions; investigations of oxygen storage, carbon 
dioxide removal agents, and chemical light sources; 
production of easily installed, strong long-life 
bulkheads and shelters, considering new materials such 
as fiber glass and rigid foam. 

• Communications Subsystem — improved electro-magnetic 
communications, including hybrid systems using through- 
the-ground and over-the-surf ace communications paths; 
development of new seismic techniques, -including 
resonant transducers. 

• Rescue Subsystem — development of infrared and other 
spectral detectors for fire and hot-spot location; 
development of bubble-type helmets to provide rescuers 
better visibility and greater comfort. 

Certain of these recommendations have been carried out 
by the Bureau of Mines, including prototype shelters and 
bulkheads and new communications subsystems. 
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Education and Manpower 



During the latter part of the NAE's first decade, the 
engineering profession was subject to various criticisms: 
that technology has been applied at the expense of unaccept- 
able social costs; that the profession has not responded 
adequately to minority aspirations; that there are gross 
failures in the application of promising technology to 
such social problems as education; and that having accepted 
massive governmental efforts in technology, the profession 
was not prepared to cope with manpower dislocations resulting 
from shifts in the nature and scope of government programs. 
The Academy has addressed these considerations . 

Concerned with the broader aspects of technological 
education, the Academy's Commission on Education conducted 
a national workshop, with support from the National Science 
Foundation, to consider new directions for engineering 
education. This resulted in a workshop memorandum entitled 
"Social Directions for Technology", and served to stimulate 
and encourage efforts that were beginning or that were 
underway to balance the technical emphasis of the engineering 
curriculum by introducing social, political, and economic 
considerations. 

The commission encouraged student involvement in 
technological design competitions which brought into play 
technical, social, legal, and economic issues, and acted 
in an advisory capacity to SCORE — Student Competition on 
Relevant Engineering. It also continued its support of a 
program designed to bring an understanding of engineering 
concepts to non-science students in the secondary schools. 

And, with support from the Department of Health, 
Education and Welfare, the Commission on Education developed 
a planning document to take a systems approach to delineate 
the major policy issues in educational technology. The study 
also assessed the implications of selected alternatives and 
recommendations on priorities for short- and long-term activi- 
ties by HEW's Office of Education. 



In May, 1973, the Academy held a Symposium on Minorities 
in Engineering, in connection with its Thirteenth Annual 
Meeting, and under the aegis of the commission. As a direct 
result of the symposium, a program for increasing minority 
participation in engineering was established which included 
three operating levels of volunteer effort; namely, a 
National Advisory Council on Minorities in Engineering, a 
Committee on Minorities in Engineering, and four specific 
subcommittees. The four subcommittees are concerned with 
pre-engineering motivation and guidance, engineering education, 
manpower utilization, and finance. This program, financed by 
private grants, has as its goal to increase minority enrollments 
in engineering by ten-fold within ten years. 
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Sharp shifts in governmental priorities beginning in the 
late 1960s produced severe employment problems for the 
scientific and technical community. The loss of existing and 
potential technical talent had particularly adverse implica- 
tions for a technologically based society. Using its indepen- 
dent funds, the NAE accordingly established the ad hoc Committee 
on Engineering Manpower Policy to study specific aspects of the 
problem of under-utilization of engineers and scientists, such 
as the movement and re-employment patterns of engineers, the 
availability and dependability of manpower data, and long-range 
effects and possible solutions for underemployment. The 
Academy recommended several steps for effective manpower 
management including the incorporation of manpower considerations 
in the annual budget cycles of cabinet departments and major 
agencies; an oversight group, perhaps located within the 
Executive Office of the President, to aggregate the assessments 
of governmental programs; and a continuing and direct involve- 
ment in manpower planning by the scientific and technical 
community. 

In February, 1974, the Board on Engineering Manpower and 
Educational Policy was established as a successor to the 
Commission on Education with a substantial expansion in scope 
of activities. The board was intended specifically to respond 
to the need to define a manpower policy designed to result in 
more efficient utilization of engineering manpower resources 
in the U.S., and to study and advise on national policies 
concerning or affecting technical education in general and 
engineering education in particular. The initiation of the 
board's activities was supported through use of NAE indepen- 
dent funds. 



Energy and Natural Resources 

The formulation of national resource and energy policies 
must be predicated on an appreciation not only for what 
technology can do, but also on what is practicable in terms 
of manpower, capital requirements, governmental action, and 
institutional constraints. Expert assessments of alternative 
technologies are required to optimize progress toward specific 
goals, as are social mechanisms for choosing and implementing 
technological options. 

The Academy's self -sponsored Task Force on Energy, formed 
in December, 1973, conducted an assessment of realistic steps 
that might be taken to increase domestic energy supplies and 
decrease consumption during the next decade. The study 



30 



Copyrighted material 



entailed an examination of the practical engineering 
feasibility and probable output of major production programs in 
specific energy areas, including the identification of major 
actions that would be needed by government and industry to 
initiate and implement them, and an appraisal of their physical, 
technical, cost (money, resources, and environment), and 
schedule aspects. However, there was no attempt to pass 
judgment on the overall desirability of the various programs, 
including their social and economic consequences. 

The study concluded in part that providing additional 
domestic energy supplies during the next decade or so does not 
require the solution of significant technical problems, but 
will, in some cases, call for substantial development support. 
The interrelationship between government and industry must be 
strengthened. The government must establish a well-defined 
national energy policy, including appropriate financial 
incentives and the removal of institutional roadblocks, and 
carry out its licensing and regulatory actions so as to 
attract large sums of private capital for investment in the 
programs while, at the same time, protecting the public 
interest. 

In order to reduce the gap between energy supply and 
demand by 1985 to the extent possible, the study estimated, 
would require $500 to $600 billion in direct costs in 1973 
dollars; more water resources than presently available, 
particularly in the western part of the country where there 
is exploitable oil shale and low-sulfur coal; and several 
hundred thousand more trained people, including engineers, 
to supplement the present energy work force. 

The report highlighted the fact that if the U.S. wishes 
to be reasonably independent in energy resources by the 
mid-1980s there are in fact essentially no choices — all 
programs possible must be carried out immediately and simul- 
taneously. The report has been of very great interest to 
policymakers in government and industry, and close to 7000 
copies have been distributed since it was issued in May, 1974. 



Another successful energy-related study, mounted earlier 
by the Academy, was that of the Committee on Power Plant Siting 
(COPPS). Funded by the Atomic Energy Commission, the National 
Science Foundation, and the electric utility industry as 
a whole acting through nine -Regional Electric Reliability 
Councils, the committee investigated means for resolving 
conflicts between the provision of electricity supplies 
adequate for the nation's requirements and the protection of 
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environmental quality consonant with public goals. The program 
had three major thrusts. The first was to identify those 
conflicts, issues, or questions in power plant siting where 
good engineering can help to avoid adverse effects on the 
environment by proper and timely consideration of environmental 
impact, taking due account of environmental science and value 
judgments in the engineering process. The second was to 
appraise the adequacy of existing or proposed approaches to 
power plant siting by giving attention to existing methods of 
setting environmental standards, technological methods for 
controlling environmental impacts, and promising methods of 
systems analysis and synthesis. The third thrust was to 
identify those areas where further study, research, or devel- 
opment seem likely to improve methods for power plant siting. 

As the result of this intensive 16 month effort, the 
committee evolved some 50 major recommendations for early 
action. Paramount among these was the recommendation that 
agencies should be established to act with finality, subject 
to due process of law, on power plant siting issues through 
unified procedures that give comprehensive considerations to 
all factors relevant to the public interest and to the views 
of all concerned parties. This certification function should 
be exercised at the lowest governmental level that has 
adequate jurisdiction, and that can marshal the required 
technical and other competence. The study report makes clear 
that in the short term, major developments for environmental 
protection would be the result of changes in regulatory and 
operating procedures, and that in the longer term, developments 
would depend upon the results of r&d. 

While no implication is made that the NAE was the 
principal factor in these accomplishments, most of the states 
have enacted legislation and have established agencies to 
decide power plant siting issues generally along the lines 
of the COPPS recommendations, including provision for public 
participation, as exemplified in Illinois, New York, 
Ohio, and Washington. Similarly, energy research 
and development is emerging generally along the lines of 
COPPS recommendations for a comprehensive multi-disciplinary 
approach with heterogeneous but coordinated participation as 
evidenced in the Energy Research and Development Act. 



The increased cost and limited availability of fuels and 
natural resources, the sharpened public concern about environ- 
mental impacts, and the growing emphasis on life cycle costs are 
important factors that encourage a search for alternatives to 
conventional utility systems. One alternative is the integrated 
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utility system. A successful integrated utility system using 
traditional "wastes" from utility processes would provide 
utility services that conserve energy and natural resources, 
while simultaneously achieving a high level of customer 
satisfaction, competitive costs over its life cycle, and 
full compliance with all environmental standards. 

The Integrated Utility Systems Board was established at 
the request of the Department of Housing and Urban Development 
to undertake a review and evaluation of various integrated 
utility concepts, emphasizing those concepts being developed 
by HUD with a view toward demonstration. Because these inte- 
grated systems can be considered "modular" in some sense, 
the program was given the acronym "MIUS" (Modular Integrated 
Utility Systems) , and focused on residential/commercial 
applications in the size range from 300 to 1,000 dwelling units. 
The board focused its attention on four major areas: 
determination of the technical feasibility of complete systems, 
components, and sub-systems; evaluation of alternative concepts 
with regard to costs, environmental impact, energy savings, 
and other criteria; identification of potential institutional 
constraints or incentives which may impede or encourage 
implementation; and formulation of effective plans and 
strategies for conducting demonstrations. 

On the basis of this effort additional studies were judged 
to be needed to develop improved concepts which are suitable 
for demonstration, to provide data useful in the planning of 
demonstrations, and to furnish information needed to encourage 
private sector interest. The board made nine specific recom- 
mendations concerning the HUD-MIUS program. Among these were 
further investigation of subsystem integration concepts; support 
for the development of innovative technology which can become 
commercially available within the near term, and which reduces 
reliance on oil and gas; additional studies on economic 
feasibility, cost/benefits, compliance with environmental 
standards for different applications; development of mechanisms 
to deal with institutional problems; and establishment of 
priorities among demonstration objectives. 



Environment 

Controlling and improving the quality of environmental 
resources is a growing concern of the nation. National and 
regional air quality management standards are being defined, but 
with the realization of the formidable capital investments that 
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will be required. The challenge is to minimize such costs, 
while still attaining an acceptable level of control within 
the shortest practical time span. 

Among those NAE activities concerned with environmental 
matters were three grouped under the title, Committees on 
Pollution Abatement and Control, which represented a joint 
effort of the Academies and the National Research Council. 
These committees, frequently operating through the mechanism 
of ad hoc panels, dealt with management of air quality, solid 
waste, and water quality. The work of the first, described 
below, is representative. 

The work of the ad hoc Panel on Abatement of Particulate 
Emissions from Stationary Sources was supported by the Office 
of Air Programs of the Environmental Protection Agency (EPA) . 
Continuing deterioration of visibility in urban areas, together 
with the possibility of unfavorable climatic and health 
effects, had led to a renewed concern for controlling particles 
in the atmosphere. The panel's report outlined a program of 
relevant government and industry research that was deemed 
necessary. 

The panel estimated that at the 1970 level of control, 
particulate emissions from industrial sources would increase 
from 18 million tons per year to over 50 million tons per year 
by the year 2000. Although existing methods for the removal 
of particulate matter from gases were considered adequate 
for the control of the greatest part, by weight, of the emissions 
from stationary sources, the panel found that it might not 
be sufficient to evaluate the performance of pollution-control 
equipment on the basis of mass emissions alone. This was 
because particle size, composition, and the presence of 
co-contaminants must also be taken into account, with special 
emphasis needed on the amount of material in the fine-particle 
size range and on its chemical nature. The panel's six 
recommendations included the development of collaborative 
federal programs with gas-cleaning equipment manufacturers and 
users to obtain basic engineering performance data on 
particle-collection equipment as a function of particle size. 
The panel further recommended that engineering research and 
development on particle-control technology be intensified, with 
special emphasis placed on the 0.2 to 2.0 micron diameter range, 
and that improved methods be developed to relate the charac- 
teristics of emission sources to atmospheric particulate pollution. 

A major study of the Committee on Air Quality Management 
was an evaluation of coal gasification technology for the 
Office of Coal Research, U.S. Department of Interior. Prompted 
by the declining rate of gas discoveries in the continental U.S., 
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accompanied by a continually increasing demand, an ad hoc 
panel conducted a two-part study of the engineering and" 
operating problems associated with coal gasification processes. 
The first phase of the study examined eight processes for the 
production of pipeline quality gas (i.e., 1,000 Btu per scf). 
It was considered necessary to turn to coal as one long-term 
source for a substitute gaseous fuel, since supplemental 
sources of natural gas from Canadian and Alaskan fields 
and the importation of liquified natural gas were not 
expected to fully avert the enormous deficiencies of natural 
gas projected for the 1980-90 period. 

The panel cautioned that it would be unrealistic to 
expect that the projected short-fall could be made up entirely 
with synthetic gas from coal, primarily due to the lack of 
capacity to produce in sufficient quantity the specialized 
equipment required. The panel concluded, however, that the 
critical U.S. natural gas situation justified maximum govern- 
mental and industrial effort to develop quickly the most 
economic methods for providing supplemental pipeline quality 
gas from coal. Because of the need to reach commercial 
application of a modern process as quickly as possible, it 
recommended the simultaneous development of the Hy-Gas, 
Synthane, Acceptor, and Bi-Gas processes up to the point of 
making a decision on demonstration plant construction. The 
justification for this recommendation was that each gasifier, 
the most critical component of each process, has unique 
features of potential economic importance. 

The second phase of the study was concerned with the 
production of a lower-cost gas suitable for power generation 
and large-scale industrial use, but too low in heating value 
(i.e., 150 to 450 Btu per scf) to be transportable over long 
distances. Coal gasification to produce low- to interraediate- 
Btu content gas was considered for three technical and 
economic reasons: the advantage of purifying a small volume 
of high pressure flue gas over purifying a large volume of 
stack gas; the relative simplicity of flue gas (containing H2S) 
and stack gas (containing SO^) purification methods; and 
gasification followed by purification as offering one means 
of meeting air quality standards. 

Based on its study and review, the panel concluded that a 
clean-burning low- or intermediate -Btu gas from coal would be 
a highly desirable fuel for many applications. It recommended 
that vigorous research and development work on production 
methods be started, and on a large scale. It was estimated 
that government support of at least $300 million over a five- 
year period would be needed. An additional recommendation 
was for the separation of the overall gasification process into 
its individual process steps, and, whenever feasible, the assign- 
ment of each step to one or more groups for intensive development. 
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The ad hoc Panel on Abatement of Sulfur Oxide Emissions 
from Stationary Combustion Sources was sponsored by HEW's 
Air Pollution Control Administration. In a study issued in 
1970, the panel noted that S02 emissions from the combustion 
of sulfur-bearing coal and oil, primarily for electrical energy 
generation, is second only to internal combustion engines in 
the quantity of pollutants discharged, and the national 
electricity energy requirement is expected to more than triple 
in the next 20 years. The substitution of low-sulfur fuels, 
the only available method for reducing SO2 emissions, is 
restricted by the limited availability of such fuels, and the 
more rapid application of nuclear energy is constrained by 
engineering, economic, and siting problems. The panel therefore 
concluded that reducing SO2 emissions from stationary sources 
will largely depend on the development, demonstration, and 
application of technologies which prevent the sulfur in fuel 
from reaching the atmosphere through combustion. After 
reviewing the status of American and foreign processes, the 
panel concluded also that commercially proven technology for 
sulfur oxides control from combustion processes did not exist. 
Its recommendations for a five-year plan placed highest emphasis 
on the development of the limestone process for SO2 removal 
from stack gases because of its broad applicability, and 
research on ways to combine the abatement of nitrogen oxides 
and particulates with sulfur oxide control. 

The EPA Office of Air Programs similarly supported the 
work of the ad hoc Panel on Abatement of Nitrogen Oxide Emissions 
from Stationary Sources. The nitrogen oxides emitted from 
industrial sources, defined as NOx for convenience, include 
nitric oxide (NO) and nitrogen dioxide (NO2) ; nitrous oxide (N2O) , 
believed to be innocuous at the levels commonly emitted, is 
excluded from the definition. The largest stationary-source 
emittors are fossil-fueled boilers of electric utilities and 
industrial furnaces. At 1970 control levels the NO x emissions 
from these sources are expected to double by the year 2000. 

In its conclusions the panel cited the application of some 
combination of combustion-modification processes to reduce the 
NO x formed as most promising to achieve significant early 
reduction of NO x in fuel-combustion stack gases. However, the 
probability that processes can bo developed for the removal 
of NO x from stack gases was not thought encouraging. The 
panel accordingly recommended that combustion modification 
studies be given first priority in research and development to 
control NO x emissions, with studies of coal combustion being 
especially required. Studies of the effect of fuel nitrogen 
on NO x emissions and the potential of combustion flame temperature 
control techniques were also recommended. 
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The Technical Session of the Academy's 1969 Annual Meeting 
was devoted to development planning — initiatives the NAE might 
undertake — and deeply involved the NAE membership. The Com- 
mittee on Engineering Aspects of Environmental Quality, later 
the Committee on Environmental Engineering (CoEE) , was estab- 
lished in February, 1970, as a result of member recommendations 
emerging from workshops held during that meeting. The committee 
was expected to pinpoint critical environmental problems and set 
in motion mechanisms for clarifying and defining the issues to be 
resolved. 

The CoEE was instrumental in launching the Academy's 
power plant siting study (see page 31). Subsequently it 
undertook an analogous project to distill from the COPPS study 
a set of guides that would be useful in decision-making by 
regulatory agencies, energy industries, and citizen groups. 
Although not formally published, the results of this modest 
effort, termed "Explicit Criteria for Decision: Background 
Papers", included several suggestions for possible future 
Academy studies. 

The CoEE conducted a brief study for the Naval Civil 
Engineering Laboratory to appraise the probable effectiveness 
of the Navy Environmental Protection Data Base (NEPDB) in 
providing the means by which the Navy monitors and evaluates 
operations so as to protect and enhance the quality of the 
environment, and enable compliance with environmental laws and 
regulations. The NEPDB was designed as a system for world-wide 
acquisition and management of information regarding the 
environmental impacts of various Navy activities — of the fleet, 
the air arm, shore installations, and ancillary services such 
as hospitals and ordnance plants. 

On the basis of adopted policies and plans, and of limited 
observation of operational performance, the study concluded 
that NEPDB as planned can become an adequate and centralized 
system for acquiring and managing information regarding Navy 
compliance with established environmental standards. This was, 
however, provided that the potential usefulness of the system 
is recognized by decision-making officials, and provided that 
funding and personnel requirements are adequately supplied. 
Among the 19 general recommendations stated in the study was 
that the NEPDB system should provide for feedback procedures 
that will develop information on the effectiveness, at all 
levels of command, of the environmental data acquired and 
disseminated in meeting the objectives of the Navy Environmen- 
tal Protection Program. 
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Health 



In 1967, with, core support from the National Institutes 
of Health, the NAE established the Committee on the Interplay 
of Engineering with Biology and Medicine (CIEBM) to examine 
means to enhance the utilization of engineering concepts and 
technology in the development of instruments, devices, and 
materials relevant to biology and medicine. Similarly, 
under contract to NASA, the committee sought to identify 
aerospace engineering technology applicable to specific 
technological requirements in the biomedical field. These 
efforts divided into several related themes: analysis through 
university subcontracts of industry/university/community 
cooperation in the development and utilization of biomedical 
technology; industrial aspects in biomedical engineering; 
engineering in clinical care; the appraisal of biomedical 
engineering efforts in several foreign countries; and the 
assessment of biomedical technology to provide sensory aids 
for the visually and hearing impaired. 

University prototype studies were employed to study how 
effective relationships among industry, the community, and 
the university could be established which could optimize 
the solution of urgent problems in medicine and health care. The 
studies led the participating universities to develop mechanisms 
for collaborative efforts between university engineering and 
bioscience departments, industry, and the health care delivery 
components in the community. For instance, they contributed 
to the creation by Ohio State University of the Central Ohio 
Biomedical Engineering Community Council (COBECC) . COBECC is 
a seven-county, non-profit organization that appeared to be 
an effective mechanism for stimulating interaction among the 
university, medical professions, health-care institutions, 
professional societies, and industrial firms. As a direct 
result of its participation in the prototype studies, the 
University of Wisconsin also developed a positive program 
which included contract work with NASA. 

Other aspects of the committee's work were equally success- 
ful and effective. For example, the chairman of the Subcommittee 
on Sensory Aids, which issued several reports that attracted 
considerable attention, testified before both houses of Congress. 
The final report of a study of aerospace technology utilization 
in the civilian biomedical field, prepared for NASA, was 
entered into the record of the oversight hearing on the 
Vocational Rehabilitation Service Bill of the Rehabilitation 
Act of 1973, and has had a direct influence on the course 
of rehabilitation services. 



38 



Copyrighted material 



Many of the recommendations which resulted from the study 
of aerospace technology transfer are being implemented. The 
major contribution of this work, however, has been in developing 
the awareness that NASA must do considerably more than merely 
make technical information available to the civilian sector. Of 
prime importance is interaction with the medical community to 
conduct developmental work and perform clinical evaluations 
in order to adopt and modify the relevant technology as 
necessary. As a direct consequence of the foregoing, Tufts 
College Medical School engaged in a project to apply a planetary 
life detection technique based on the use of ATP-luciferase for 
determining antibiotic susceptibility. And, consonant with the 
committee's recommendations that NASA could "lend intellect" 
as well as provide new black boxes to the health care field, 
the space agency has contributed technical consultation to the 
Maryland Division of Emergency Medical Services. 



A request from the National Highway Safety Bureau of 
the Federal Highway Administration led the Academy, through 
its Committee on Ambulance Design Criteria, to undertake a 
project to develop design and performance criteria for ambulances. 
A group of eminent physicians, ambulance operators, automotive 
engineers, and specialists in related fields were assigned 
to work in five areas of concern: a comprehensive system 
description; operational hardware and equipment; vehicle 
standards; communication equipment; and environmental equip- 
ment. The standards developed by each subcommittee in its own 
area of responsibility were then further developed by the 
entire committee into specific design criteria. These 
design criteria were enumerated in a system description format 
having 33 classes covering features ranging from specific 
vehicle design and performance standards to special equipment 
for use by the physician or trained attendant. 



Land and Housing 

The NAS and the NAE jointly created an Advisory Committee 
to the Department of Housing and Urban Development (ACHUD) 
to assist that department in fulfilling its legislative mandate 
in the field of housing. A Social Science Panel attached to 
both ACHUD and the division of Behavioral Science/NRC was formed 
in 1970 to assimilate and assess the behavioral and social 
science knowledge bearing on the feasibility and desirability 
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of a policy of social mixing, both at the neighborhood level, 
and in metropolitan areas as a whole. The term social mixing 
embraces the degree to which racial and ethnic minorities are 
interspersed in residential communities (i.e., racial mixing) 
and also the patterns of stratification of urban areas on the 
basis of income, occupation, and education (i.e., socioeconomic 
mixing) . Due to the meager information available concerning 
socioeconomic mixing the emphasis of the panel's work was on 
the forces and experiences of racial integration. 

The panel formulated ten specific recommendations, the first 
of these being that, in light of conclusive evidence on its 
feasibility, the primary emphasis of a policy of social diversity 
in housing should be on opening options for racial mixing of 
those with similar economic capabilities. A series of carefully 
planned experiments to determine the condition under which 
residential mixing of families or individuals of different racial 
and economic categories may be feasible was also recommended. 

The Land Use Subcommittee of ACHUD was formed to examine 
the relation between land development and the problems resulting 
from urbanization. The scarcity of knowledge about the import 
or impact of land development processes, or the changes in 
density and use of developed land, dictated the group's study 
priorities. 

The subcommittee recognized that land development problems, 
while important, were not yet crucial, and therefore hesitated 
to recommend a national urban growth policy based on the 
consideration of such problems. It specified five criteria for 
the allocation and distribution of federal funds, and recommended 
that the federal government fund several essential research 
projects which would include the development of a raw land 
price index, and a more precise understanding of the factors 
affecting the price of land and their interrelations. 

One of ACHUD' s early assignments, through a technical panel 
established for the purpose, was to provide guidance in the 
technical aspects of Operation BREAKTHROUGH, an effort whose 
primary objective was to establish mechanisms to mass-produce 
and mass-market housing for families at all income levels, but 
particularly for those of low and medium incomes. The program's 
secondary objectives included stimulating the modernization 
and broadening of the housing industry and encouraging the 
identification and development of performance standards for the 
evaluation of innovations. 

The study concluded that the objectives of Operation 
BREAKTHROUGH were not fully achieved, although the program did 
contribute in initiating efforts toward a number of those 
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objectives and in advancing housing technology generally. 
The committee suggested that HUD should pursue an expanded 
version of its program to document events involved with 
Operation BREAKTHROUGH, and seek feedback data from the 
program. 

With ACHUD initiative, the Division of Behavioral 
Sciences/NRC in 1971 established a Panel on the Signifi- 
cance of Community in the Metropolitan Environment which 
undertook to set forth the current knowledge of urban orga- 
nization and life. The panel recognized the deficiences in 
knowledge relating to the task and accordingly commissioned 
a series of ten state-of-knowledge papers on which it drew 
heavily during its deliberations. The panel also sought to 
understand the policy context of HUD, and to secure relevant 
information from its representatives. This panel concluded 
that an expanded but sharply focused research effort was 
essential to provide the basic understanding required for 
the formulation of innovative policies. It enumerated the 
following research problems for priority consideration for 
funding: demographic movement, metropolitan governance, 
intrametropolitan circulation, residential choice, urban 
experience, community satisfaction, and micro-community. 

The ACHUD' s Subcommittee on the Planning Process and 
Urban Development dealt with the status of local planning 
capabilities in light of a more varied federal domestic 
program inventory, altered by the advent of general and 
special revenue sharing. The subcommittee examined the 
forces that led to the departures from federal domestic 
programs based upon categorical grants and identified cer- 
tain mismatches that had compromised the effectiveness of 
the existing planning process. Those mismatches included 
the incongruity between nationally defined goals and locally 
perceived needs and priorities, and the disparity between 
verbal assignments of priority and the commitment of funds, 
personnel, and energy. 

The primary recommendation emerging from this study 
was for a well financed and continuing program to enhance 
the planning and management capacity of state and local 
governments and metropolitan agencies. The subcommittee 
further recommended a parallel but related program of assis- 
tance to communities for developing techniques and personnel 
to implement plans, including the integration of the plan- 
ning process with the political decision-making process. 



41 



Copyrighted material 



The NAE's Committee on Industrialized Housing was es- 
tablished in December, 1970 under a grant from the Scaife 
Family Charitable Trusts. The committee's task was seen 
from the outset as part of a broad-based public and private 
commitment to provide improved shelter. The Industrialized 
Housing Project was viewed as an appropriate vehicle for 
exploring one major, quantifiable element in a complicated 
social problem. The major purpose of the committee, in 
simplest terms, was to see if manufacturers could make and 
people would buy houses, either as complete units or in 
modules, in much the same way that automobiles are manufac- 
tured and sold. 

The project was conceived as an analysis and test of 
economic and social indicators which seemed to support the 
assumption that cooperation among the nation's leading 
industrial corporations in the mass production of housing 
was essential and would prove sufficiently profitable to 
attract investment capital on the scale required to launch 
a new, high-technology industry. Significant among these 
indicators were: the magnitude of the housing problem; 
the role of improved construction methods in a variety of 
successful European housing programs; and increasing confi- 
dence in the effectiveness of technology transfer. In 
preparing its report the committee relied heavily on techni- 
cal staff made available to it by several of the nation's 
largest industrial organizations. In addition, it made 
extensive use of experts from government departments and 
universities, as well as consultant-contractors representing 
a variety of relevant disciplines. 

The committee's findings concerning the major economic 
and social indicators were detailed in its report; various 
of these are presented here. On the basis of the levels of 
housing production reached in 1970 and 1971, and those pro- 
jected for 1972, it was clear that federally-mandated pro- 
duction goals could be met or even exceeded by the existing 
mix of conventional builders and mobile home and other semi- 
industrialized producers. In the 1950s and 1960s, a number 
of European countries made impressive gains in overcoming 
housing shortages by aggressively converting from conventional 
to highly sophisticated industrialized housing production 
systems, often with demonstrated cost superiority over the 
traditional home building techniques. The project found, 
however, that the degree to which the European industrialized 
housing experience could be applied in this country did 
not at that time appear to merit major investments in pro- 
duction facilities by American manufacturers. The committee 
further found that comparison of the home building process 
with the automobile industry was useful only as a theoretical 
exercise. It was concluded that problems of transportation 
and distribution were insurmountable with the facilities 
then available. 
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The committee report noted that, in general, there was 
a movement toward building and buying increasingly large 
components of houses; e.g., kitchens, bathrooms, roof 
trusses, etc. It expressed the view that changes in this 
direction would continue and, indeed, ought to be encouraged; 
presumably, with the passage of time the original goal would 
be met. 



Marine 



For over 15 years, growing national interest in the 
marine environment has created a demand for a continuing 
effort to collect and evaluate the varied body of scientific 
and technical knowledge of the ocean and to apply this 
knowledge for the benefit of society. The important role 
of engineering in the development of the ocean's resources 
has long been recognized. In April of 1965, the National 
Academy of Engineering established a Committee of Ocean 
Engineering (NAECOE) to furnish advice as to the organi- 
zations, facilities, and programs that would be most 
appropriate for executing the statutory responsibilities of 
the government with respect to utilization of the resources 
of the ocean and to the technological application of 
oceanographic knowledge to public welfare and defense. 

This new committee had the support and encouragement of 
four federal agencies concerned with developing a national 
oceanographic program — the Departments of Navy, Commerce, 
and Interior, and the National Science Foundation. Since its 
beginning, it has undertaken more than 54 projects at the 
request of various government agencies concerned with ocean 
engineering problems. Many projects have been conducted 
jointly with the closely-related National Academy of Sciences 
Committee on Oceanography (NASCO, now the Ocean Affairs 
Board) . 

In October of 1970, the Committee on Ocean Engineering 
was designated the NAE Marine Board in recognition of the 
long-term interest in marine affairs and the importance of 
providing engineering advice in formulating national policies. 
Like its predecessor, the Marine Board continued to study 
the development of ocean engineering capability, the utili- 
zation of ocean resources, and the role of ocean engineering 
in national and international affairs. The sponsorship of 
the board was broadened to include the Department of State, 
the Environmental Protection Agency, the Corps of Engineers, 
and the U.S. Coast Guard. Some of the major projects under- 
taken by the Marine Board and the parent Committee on Ocean 
Engineering are outlined below. 
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The first important task addressed by NAECOE involved 
a comprehensive study of the role of professional engineering 
in management and development of the marine environment. 
Supported by the committee's original sponsors, the study 
was conducted over a period of several years by the committee 
and nine sub-panels which together addressed a broad range 
of ocean engineering concerns. These long-range deliberations 
provided the groundwork for many future Marine Board projects. 
The final report, completed as a Marine Board project, was 
entitled "Toward Fulfillment of a National Ocean Commitment". 
Published in 1972, the report presented an overall picture 
of the economic, social, environmental, and political 
manifestations of a national engineering policy in both the 
development and effective utilization of marine resources. 

Recognizing the necessity to restore and maintain the 
environmental quality of the coastal zone, NAECOE then began 
a study of the effective management of wastes resulting from 
increased coastal zone development. A symposium on coastal 
wastes management was held in July of 1969 at Jackson Hole, 
Wyoming under the aegis of both NAECOE and the NASCO. An 
expressed interest in the work of the symposium came from 
the Federal Water Pollution Control Administration (FWPCA, 
now EPA's Water Quality Office) which itself was conducting 
a study of coastal area pollution. The results of the 
symposium study were used by the FWPCA in its report, "The 
National Estuarine Pollution Study", issued November, 1969. 
The recommendations of the symposium also were incorporated 
in a formal NAS/NAE report issued to the public, entitled 
"Waste Management Concepts for the Coastal Zone — Require- 
jaents for Research and Investigation" . 

Another major project undertaken jointly by NAECOE and 
NASCO was a study to identify programs of exploration which 
best would contribute to advancing society's efficient uti- 
lization of the ocean's resources. This national policy 
study was to be a part of an International Decade of Ocean 
Exploration (IDOE) , first proposed by President Lyndon B. 
Johnson on March 8, 196 8. At the request of the National 
Council on Marine Resources and Engineering Development, the 
two committees were invited to provide advice on the scien- 
tific and engineering aspects of U.S. participation in such 
an effort. A comprehensive report on the goals and programs 
of IDOE was issued by the committee in June »f 1969 under 
the title "An Oceanic Quest: The International Decade of 
Ocean Exploration". NAECOE consequently proposed the for- 
mation of an Engineering Committee on Oceanic Resources, which 
would function as an independent, international, and non- 
governmental engineering advisory organization. Known as 
ECOR, this group is still in operation today, providing an 
international focus for professional engineering interests 
in marine affairs. 
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In 1970, the assistance of the NAECOE was solicited 
by the Department of Interior following a devastating fire 
on a drilling platform operated in the Gulf of Mexico by 
Chevron Oil Company. Again in conjunction with NASCO, a 
joint ad hoc panel was established to study the disaster 
and to provide both immediate and long-term recommendations. 
The final written report was issued within a month after the 
fire occurred. 

As a follow-up to the problem of oil spills resulting 
from a platform disaster, the Department of Interior re- 
quested the Marine Board to study the engineering technol- 
ogy available to assist in minimizing major oil seepages, 
and the methods by which industry and government could 
implement preventative measures. Other federal agencies 
including the U.S. Geological Survey, EPA, the National 
Oceanic and Atmospheric Administration (NOAA) , and the U.S. 
Coast Guard became interested in the objectives of the 
study. The resultant report, "Outer Continental Shelf 
Resource Development Safety t A Review of Technology and 
Regulation for the Systematic Minimization of Environmental 
Instrusion from Petroleum Products", was published in the 
spring of 1973. Basic recommendations included initiation 
of common technical definitions and standards; greater govern- 
mental involvement in research and in regulation; and new 
public exposure to incidents of oil spill accidents and near 
accidents. Pollution problems resulting from oil spills 
continue to be a concern of the board which, through its 
Committee on Safety of Outer Continental Shelf Petroleum 
Operations, issued two reports on the subject in 1974. 

A major Marine Board project completed in mid- 19 74 
addressed prospective engineering problems which would 
evolve from increased future use of data buoys for gathering 
and recording information. At the request of the Department 
of the Navy and NOAA, a Marine Board panel made an assess- 
ment of current data buoy technology and of needed research 
and development for a projected state-of-the-art by the 
end of the century. The panel's report, entitled "Direc- 
tions for Data Buoy Technology 1978-1983", called for im- 
provements in buoy and sensor testing and design and sug- 
gested some major changes in federal buoy programs. In 
essence, the report summarized the need for an orderly and 
effective development of data buoy technology in light of 
the important contributions data buoys could make in the 
future of exploitation of ocean resources. 
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Productivity 



Productivity is a measure of efficiency, the ratio of 
output to input. Productivity is often difficult, if not 
impossible to measure, particularly in the service sector. 
If it can be measured, it can quantify how effectively re- 
sources such as materials, labor, and machinery are convert- 
ed into the production of goods and services. The Academy's 
1971 Annual Meeting was used as a vehicle to explore whether 
significant improvements of productivity could be achieved 
through the intensive application of technology. The speci- 
fic objectives of the program were to identify potential 
improvements in productivity in the service sector through 
the application of technology; to determine important tech- 
nological applications for increasing productivity in these 
areas; and to define experiments demonstrating the feasibility 
of applying technology economically and effectively in the 
areas of education, health care delivery, and urban services. 

In the initial phase of the productivity program a one- 
day symposium was held, followed by three individual one-day 
workshop sessions. The latter phase consisted of several 
task group meetings composed of key participants from the 
individual workshop sessions. Two main objectives were ac- 
complished in the course of the symposium, the three work- 
shop sessions, and the subsequent task group meetings: (a) 
the generation of both general and specific recommendations 
for how technology can be applied in each of the three ser- 
vice sectors for the improvement of productivity; and (b) 
the development of four proposals delineating the scope, 
objectives, approach, and resource requirements for imple- 
mentation of four selected recommendations. 

The needs identified by the participants in the workshop 
on education included the development of more effective methods 
for the measurement of educational system outputs, and also 
the development of more effective evaluation methods for deter- 
mining both educational productivity and cost effectiveness, 
including the appraisal of educational experimentation and 
innovative change. The workshop on health services identified 
the need for continued development and wider utilization of 
computer models for hospital administration, cost control, 
storage and retrieval of medical histories, and balancing of 
hospital services in accordance with community demographic 
and morbidity data. The needs identified by the urban services 
workshop were grouped into the four following categories: 
urban modeling and simulation, integrated utilities systems, 
communications, and transportation. 
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As a result of the efforts of the urban services work- 
shop, a proposal for the establishment of an Integrated 
Utility Systems Board (IUSB) was prepared for submission 
to the Assistant Secretary for Research and Development at 
the Department of Housing and Urban Development. The pro- 
posal's acceptance by HUD resulted in the formation of the 
Academy's IUSB, a description of which is included under 
the section "Energy and Natural Resources" (see page 32) . 



Public Engineering Policy 

The Committee on Public Engineering Policy (COPEP) 
has led the Academy's involvement in the public policy 
arena. COPEP has emphasized goals, strategies, and insti- 
tutional considerations in its examination of options for 
decision makers. Special attention has been given to ways 
and means to improve the utilization of results from tech- 
nological undertakings. To deal with the entire setting 
of technology in use, tools for technology assessment and 
for benefit-risk analysis have also been sharpened, and 
focused on both the direct and indirect effects of new 
technologies on society. 

At the request of the House Committee on Science and 
Astronautics, COPEP undertook a study of the utility and 
practicality of the concept of technology assessment. As 
part of the study, it conducted three experimental tech- 
nology assessments in relation to teaching aids, subsonic 
aircraft noise, and multiphasic health screening. (The 
three assessments were based respectively on the work of 
Task Forces of the NAE's Commission on Education, the 
Aeronautics and Space Engineering Board, and the Committee 
on the Interplay of Engineering with Biology and Medicine.) 
Study panelists concluded that useful methodologies are 
available, that more adequacy can be developed through 
practice, and that therefore, technology assessment can help 
decision makers perceive, appraise, and initiate actions 
required to secure the greatest values from technology. 
The published report of the study contributed to the legis- 
lation that ultimately created the Congressional Office 
of Technology Assessment. 

A COPEP colloquium entitled "Perspectives on Benefit- 
Risk Decision Making" was convened to explore means for 
formal evaluation of decisions involving risks and benefits 
affecting human health and safety. The White House Office 
of Science and Technology, the Senate Commerce Committee, 
and the House Science and Astronautics Committee co-sponsored 
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the colloquium with financial support provided by NSF, the 
Atomic Energy Commission, and Departments of Commerce, HEW, 
and HUD. Although precise benefit-risk analysis was judged 
to be extremely difficult, the published study report re- 
flected the development of basic criteria for any benefit- 
risk analysis. These criteria included interpretability , 
universality, consistency of value statements, and openness 
of the process. 

In the first of two related studies for the Research 
Applied to National Needs (RANN) program of the National 
Science Foundation, COPEP assembled nearly 100 individuals 
from a broad variety of disciplines, experiences, and sec- 
tors of society to address the issue of priorities for 
applied research. The effort evolved 31 ranked recommen- 
dations distributed across six broad categories: community 
development and human resources; environmental quality and 
economic growth; conservation of energy, materials, and 
land; new production processes; hazards and disasters; and 
exploratory development and other technological opportunities. 
In addition to the 31 recommendations for research support, 
two over-riding themes of "institutional functioning" and 
"conservation and patterns of consumption" were emphasized. 
A high, although not complete, correlation has been noted 
between COPEP' s recommendations and the RANN plans for 
fiscal years 1974 and 1975. 

Three panels of experts met under the auspices of the 
National Academy of Engineering in April, 1970, to address 
the topics of world population and world nutritional 
resources, and to review the barriers to fuller application 
of existing technology in balancing these factors. The 
panelists presented their findings at a symposium on "The 
Food-People Balance" held in connection with the Academy's 
Sixth Annual Meeting (see Appendix VIII) . it was concluded 
that equilibrium could be achieved through technological 
innovation and resource conservation in combination with 
population control. However, it was observed that achieving 
the food-people balance first required understanding of 
the total system — ecological, sociological, biological, 
financial, cultural, and political, as well as technological. 

In order to create a greater awareness of technological 
options and limitations for feeding a hungry, crowded world, 
COPEP in July, 1974, 47 conducted a seminar on "World Hunger: 
Approaches to Engineering Actions", as a follow-up to the 



The seminar was held on July 10, 1974, ten days after 
the transfer of COPEP into the Assembly of Engineering of the 
reorganized NRC . However, the planning phase of the session 
was accomplished while COPEP was under the NAE. 
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1970 symposium. This was a timely action because by 1974 
a combination of unfortunate circumstances — bad weather, 
poor harvests, sharply rising prices for energy and 
fertilizer — precipitated a world food crisis. In the 
course of only two years (1973-74) the world's food reserves 
had been reduced to a 22-year low. 

The conclusions emanating from the seminar were that 
opportunities for engineering innovation lie in discovering 
new agricultural practices and techniques, in delivering 
necessary quantities of vital inputs such as fertilizer to 
farmers on time, in designing storage and transport systems 
to handle increased output, in enriching and preserving food, 
in developing new foods, and in packaging and marketing food 
products . The array of issues explored at the seminar 
confirmed the expectation that systems engineering inputs 
will be important in attacking the age-old problems of 
world hunger. 



Technology and International Relations 



Improving the efficiency and effectiveness of indus- 
trialization programs has become increasingly important 
not only to economic planning authorities in less 
developed countries (LDCs) , but to political and opinion 
leaders as well. The reason for this heightened concern 
with types and techniques of production include the desire 
to save foreign exchange and other resources by developing 
a more efficient range of industries that produce, primarily 
for sale in the domestic market, goods that would otherwise 
be imported; and the desire to earn more foreign exchange 
by producing with the requisite efficiency goods that can 
be sold on world markets. 

At the request of the U.S. Agency for International 
Development (AID) , an ad hoc Advisory Panel on the Role of 
U.S. Firms in Strengthening Industrial Research, Development, 
and Engineering (R, D&E) Capabilities in Developing Countries 
was convened in 1971 under the auspices of the NAS Board 
on Science and Technology for International Development 
(BOSTID) in collaboration with the NAE. The panel brought 
together knowledgeable individuals to examine the past and 
potential role of U.S. firms in strengthening the R,D&E 
capabilities in developing countries, and to identify the 
principal factors tending to promote or inhibit such a 
contribution. The 15-member panel included 10 from industry, 
two from each of five sectors (automotive-farm implements, 
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chemicals, electronics-electrical products, food processing, 
and pharmaceuticals) and five academic members with 
professional interest in the subject. 

The panel recognized that although the policies of 
each LDC will determine its relationship with the outside 
world, forward-looking behavior on the part of U.S. inter- 
national firms could influence and help shape the policies 
that are ultimately adopted. The following were among the 
panel's key recommendations: all concerned should recognize 
that R,D&E is a complex, time-consuming, and costly 
activity that requires a stable, long-term, and open 
relationship between the host nation and the investor; U.S. 
firms should relate their affiliates' activities to host 
countries' development goals, priorities, and strategies; 
host countries should encourage this process and establish 
mechanisms that foster consultation and interaction among 
the government, the scientific sector, and the productive 
sector. 

A critical challenge facing developing and developed 
countries alike in the near future is industrialization. 
Increases in population, food production, and mobility 
combine to present overwhelming needs for jobs, improved 
income distribution, and city-regional balance, which can 
be met only by new and better use of the world's resources, 
and to which effective industrialization is a vital factor. 
Again in response to a request from AID, the Academies of 
Sciences and of Engineering jointly convened a Special 
International Panel comprised of distinguished and 
knowledgeable persons from both developed and developing 
countries. The purpose was to examine the need, feasibility, 
and demand for an International Industrialization 
Institute (I 3 ) to perform research on new approaches to 
international industrialization that would benefit developing 
countries . 

At its first meeting the panel outlined the general 
concept of the institute. To test the concept, the study 
director and a consultant from an industrializing country 
undertook a comprehensive series of interviews of key inter- 
national organizations, and of individuals respected for their 
thinking on industrialization problems, particularly of the 
developing nations. The need for I 3 is based on the findings 
of the panel, which include: worldwide economic and social 
gains are great if there is an appropriate selection of 
industries among advanced and developing countries; the present 
lack of ability to evaluate alternative paths and policies 
for industrialization is apparent; the complexity of decision 
factors in industrialization is such that only intensive 
interdisciplinary research can illuminate the problem. 
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As the result of its study the panel unanimously recom- 
mended the creation of an autonomous, non-profit International 
Industrialization Institute, to be devoted to enhancing knowledge 
of the industrialization process, with the aim of helping 
both developed and developing countries to maximize the contri- 
bution of industrialization to their economic and social 
development and to share equitably in its benefits. The program 
of the Institute would emphasize applied research to create 
new linkages among policy, the market mechanism, and technology. 
Thereby would be help in guiding industrial decisions toward 
the selection of appropriate industries and technologies by 
countries of varied circumstances, and toward identification 
of policies to promote the growth of the selected industries 
as well as to enhance the capability of advanced economies for 
adjustment in accelerating desirable shifts of industries 
to new locales. 

This concept has received no little attention within the 
Department of State as well as the United Nations. Practical 
support for its implementation has been expressed through 
the provision of AID funds to establish an ad_ hoc working 
group to advise AID and the State Department in their process 
of establishing the International Industrialization Institute. 
As this document goes to press, plans are proceeding to organize 
such a working group as a separate engineering activity within 
the Commission on International Relations of the National 
Research Council. 

It should be noted and emphasized that in each of these 
endeavors there has been full dedication on the part of the 
NAS and NAE to the concept of freedom of scientific and 
engineering communication between nations irrespective of 
political or ideological beliefs. 



Transportation 

In August, 1970, under a contract from the Department of 
Transportation the NAE established its Committee on Transpor- 
tation as a continuing activity to provide expert and broad 
counsel in the areas of transportation research, systems de- 
velopment and technology, and national/regional, modal/inter- 
modal aspects and interfaces with other systems. The commit- 
tee's first task was a study of urban transportation and the 
relation of systems and R&D as part of urban development. 

• 

The recommendations resulting from this effort included: 
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• further strengthening of professional capability 
both inside and outside DoT, to support adequately 
increased DoT research, development, and demon- 
stration activity; 

• supporting social science input and analysis to 
ensure proper design of urban transportation ex- 
periments and the implementation of more effective 
investment programs; and 

• that the DoT consider taking the lead in encouraging 
state and local jurisdictions to effect program 
designs involving the overall physical and institu- 
tional transformations of one or several metropolitan 
areas as demonstrations of how changes in transpor- 
tation can help fulfill broader social and urban 
objectives. 

In part as the result of these recommendations, the 
DoT Transportation Systems Center at Cambridge, Massachusetts 
expanded its staff and research capability for monitoring 
demonstrations and for training. Emphasis was on the inter- 
disciplinary aspects, particularly in systems analysis and 
in the social sciences. In addition, the committee's recom- 
mendations influenced the initiation of the DoT's Departmental 
Program of University Research, for which the committee pro- 
vided counsel and guidance on a continuing basis. 

Under a joint agreement, the DoT (acting as the lead 
agency) , and the Department of Housing and Urban Development 
established and now fund and manage the San Francisco Bay 
Area Rapid Transit (BART) Impact Program. These agencies 
requested the NAE to establish a multidisciplinary committee 
which would provide recommendations concerning the design 
and later implementation phases of a program to determine 
BART's social, political, and economic impacts in the Bay 
area to gain an understanding of why these impacts occurred 
and how to determine the benefits from the Bay Area's 
investment in rapid transit. It was perceived that the 
results of the impact program could assist other metropolitan 
areas that are building or planning to build rapid transit 
systems. The recommendations made to DoT, in the main, have 
been all accepted and incorporated in the program. The 
committee will continue to monitor and review the progress 
of the implementation phase of the program for the next 
several years. 
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APPENDIX IV 



ADVISORY ACTIVITIES 
of the 

National Academy of Engineering 



The committees and boards listed in this appendix com- 
prise those advisory activities for which the NAE had 
sole administrative responsibility prior to the pro- 
mulgation of the "Statement of Principles Underlying 
Joint Governance of the NRC by the NAS and NAE" on 
July 1, 1974. 

Primary sources used in collating the material herein 
were: Annual Reports to the Congress for the National 
Academy of Sciences corporation (fiscal years 1964 - 
1975) ; Organization and Members books covering the com- 
mittee structure of the various elements comprising 
the NAS corporation (1964 - 1975) ; and minutes of meet- 
ings of the NAE Council and its Executive Committee for 
the same period. Committee reports were referred to 
also for pertinent information. Additionally, the ros- 
ters of those committees and boards which were trans- 
ferred to the Assembly of Engineering of the NRC upon 
its establishment in July, 1974, and are still in oper- 
ation, were verified by the respective principal staff 
officers. Exact dates of establishment and discharge 
of the various units are shown wherever possible. 
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APPENDIX V 



JOINT ACTIVITIES 
Of the 

National Academy of Engineering 
(December, 1964 - December, 1974) 



The committees and boards listed in this appendix 
comprise those advisory activities which were adminis- 
tered jointly by the NAE with the NAS and/or the 
NRC prior to the promulgation of the "Statement of 
Principles Underlying Joint Operation of the NRC by 
the NAS and NAE" on July 1, 1974. Administrative 
responsibility therefore is indicated by the abbre- 
viations "NAS", "NAE", "NRC" beside committee titles. 

Primary sources used in compiling the material 
herein were: Annual Reports to the Congress for the 
Academy of Sciences corporation (fiscal years 1964 - 
1975) ; Organization and Members books covering the 
committee structure of the various elements comprising 
the NAS corporation (1964 - 1975) ; and minutes of 
meetings of the NAE Council and its Executive Committee 
for the same period. Committee reports were referred 
to also for pertinent information. Additionally, the 
rosters of those committees and boards which have been 
transferred to the Assemblies and Commissions of the 
NRC and are still in operation were verified by the 
respective staff officers. Exact dates of establish- 
ment, discharge, or transfer are shown where possible. 
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FINANCIAL ASPECTS OF ACADEMY OPERATIONS 



The National Academy of Engineering conducts its 
operations within the framework of the National Academy 
of Sciences corporate body. These operations comprise 
activities which are associated primarily with the 
honorific aspects of the organization, the contractual 
work of its technical boards and committees, and the 
overall administrative functions performed by the NAE 
Executive Office in connection with the foregoing 
activities and in support of the NAE Council and officers. 

The financial aspects of the Academy's operations 
can be conveniently quantified by three parameters: the 
NAE Independent Fund balance; the total annual administra- 
tive expenses associated with the conduct of its 
operations; and, the total annual amount of contractual 
expenditures by the technical units. The Independent 
Fund balance indicates the status of those NAE financial 
resources which are directly under the control of the 
NAE Council. The total annual administrative expenses of 
the NAE are charged either to the NAE or to the NAS, 
with the NAE portion being defrayed by Independent Funds. 
The total annual amount of contractual expenditures is 
the sum of the expenditures charged directly to contracts 
by boards and committees (e.g. staff salaries, travel, 
printing, duplicating, etc.) which were simultaneously in 
operation in a given fiscal year. Further details concern- 
ing the financial aspects of the Academy's operations are 
presented in the following paragraphs. 

NAE Independent Funds consist of dues received from 
membership and unrestricted contributions from members and 
other individuals, corporations, and foundations. Such 
funds are retained in accounts administered by the NAS 
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corporation.* These funds are used to defray those NAE 
administrative expenses which relate to the honorific 
aspects of the organization, as authorized by the NAE 
Council as line items in each fiscal year's budget. 
Such expenses include those associated with membership 
services (e.g. costs of conducting the annual election 
of new members, printing the annual Directory of Members, 
etc.), support of Annual and Autumn meetings, and 
special programs, symposia and other activities approved 
by the Council and conducted under the auspices of the 
NAE Executive Office. 

In any given year, the change in the Independent 
Fund balance is the difference between the income 
received from sources noted above and the total expenses 
associated with the honorific activities chargeable to 
Independent Funds. Figure 1 presents the history of the 
NAE Independent Fund balance through June 30, 1975, the 
end of fiscal year 1975. The Independent Fund balance is 
traced for about six months beyond the date of the 
Academy's Tenth Anniversary, through the end of fiscal 
year 1975, to display the favorable change which occurred 
over that interval. 

The Independent Fund balance grew from a level of 
approximately $2,700 in fiscal year 1965 to a peak of ap- 
proximately $160,000 at the end of fiscal year 1971. The 
increase of the balance between 1968 and 1971 reflects 
the results of a fund raising effort led by Academy member 
Philip Sporn (see page 9). The decline of the balance 
between 1971 and 1974 was largely due to the expiration 
of many five-year pledges which were generated by the 
1968 campaign. The sharp upswing in the Independent Fund 
balance starting in fiscal year 1975 was the result of a 
second major fund raising campaign headed by Academy member 
Donald N. Frey, Chairman of the Board and President, Bell 
and Howell Company. 

The administrative expenses of the total NAS cor- 
poration which are not identifiable with and directly 
chargeable to specific contractual projects are recovered 
by the NAS as indirect costs (i.e., overhead) charged as 
a percentage of all government and private contracts and 
grants; the funds thus recovered comprise the major 



* The Academy's total assets also include funds on 
deposit with the National Academy of Engineering Foundation, 
an independent non-profit corporation established by the 
NAE Council in May, 1973. As of December 5, 1974, these 
funds totaled approximately $56,000. 
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portion of the NAS General Fund. An allocation is 
made annually to the NAE from the NAS General Fund 
on a basis mutually agreed upon by the two Academies. 
This allocation covers expenditures for all staff 
salaries and for a portion of administrative and other 
supporting functions (e.g., travel, printing and dupli- 
cating, materials and services, communications, etc.), 
related to the operation of the NAE Executive Office, 
including administration of the contracts of the NAE 
technical boards and committees. Additionally, as part 
of the corporation, the NAE is provided with such 
facilities as office space, furniture and equipment, 
as well as with various other supportive services such 
as accounting, personnel, and library. 

The history of the NAE's total annual administrative 
expenses (i.e., the sum of the expenditures charged to 
the indirect cost pool allocation and to NAE Independent 
Funds) is shown in Figure 2. As this figure indicates, 
the Academy's administrative expenses increased from a 
level of approximately $65,000 during its first fiscal 
year of operation to somewhat over $.5 million in fiscal 
year 1974. In general, NAE Independent Funds have defrayed 
approximately one-quarter of the Academy's total annual 
administrative expenses. 

On July 1, 1974, the twelve technical boards and 
committees then in being under the NAE were transferred 
into the National Research Council to form the Assembly 
of Engineering. Until that time, the NAE had full adminis- 
trative responsibility for the technical units named in 
Appendix IV, and shared in the administration of the 
committees identified in Appendix V. All such units were 
supported primarily under contracts with various agencies 
of the federal government. Figure 3 presents the history 
of the total annual amount of expenditures directly 
associated with the operation of the NAE technical boards 
and committees. 

With the exception of a modest decline in fiscal year 
1973, the total annual amount of the Academy's contractual 
expenditures increased from a level of about $.25 million 
in fiscal year 1968 to a level of approximately $1.7 
million in fiscal year 1974.* The levels of NAE con- 
tractual activity were not separately identified in the 
financial statements of the NAS corporation prior to fiscal 
year 1968, and consequently are not shown in Figure 3. 



•Contractual expenditures of joint committees are 
excluded from these figures. 
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FIGURE 1 National Academy of Engineering H istory of Independent Fund Balance 



6r 



8 

I 

CO 
LU 

to 
z 

UJ 

2 

LLI 
> 



5 
Q 
< 

< 

3 



< 



5 - 



± 



'66 



'72 '73 '74 



J 



'67 68 '69 '70 '71 
FISCAL YEAR 

FIGURE 2 National Academy of Engineering History of Total Annual Administrative 



Copyrighted material 



1.6 - 



Lr 



z 

2 1.4 k 



IS 

1.2 - 

g 

s 

z 

UJ 
Q. 
X 



< 



1.0 



.8- 



.6- 



t 
—j 



.2 



I I I I I I I I I l_ 

'66 '67 '68 '69 '70 '71 '72 '73 '74 

FISCAL YEAR 

FIGURE 3 National Academy of Engineering History of Total Annual Contractual 



APPENDIX VII 

PUBLICATIONS 
Of the 

National Academy of Engineering 
1964 - 1974 



152 



Copyrighted material 



PUBLICATIONS OF THE 
NATIONAL ACADEMY OF ENGINEERING 
1964 - 1974 



PROCEEDINGS OF SYMPOSIA AND CONFERENCES 



Traffic Safety. 1966 Annual Meeting. 

What Should the National Academy of Engineering do about 
Engineering Education? 1966 Autumn Meeting. 

Science^ Engineering t and the City. 1967 Annual Meeting. 

Engineering for the Benefit of Mankind. 1967 Autumn Meeting. 

Coate of Health Care Facilitiee . Proceedings of a conference, 
December, 1967. 

The Process of Technological Innovation. 1968 Annual Meeting. 

Helicopter and V/STOL Noise Generation and Suppression. Report 
by the Aeronautics and Space Engineering Board of the results 
of a joint U.S. Army, NAS, and NAE conference. July, 1968. 

Engineering and Medicine. 1968 Autumn Meeting. 

Public Safety -- A Growing Factor in Modern Design. 1969 Annual 
Meeting. 

The Engineer and the City. 1969 Autumn Meeting. 

Systems Approaches to the City -- A Challenge to the University . 
Summary proceedings of a workshop sponsored by NAE and NSF . 
October, 1969. 

The Pood-People Balance. 1970 Annual Meeting. 

Evaluation of Mobility Aids for the Blind. Proceedings of a 
conference, June 22-23, 1970. 
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Technology and International Trade. 1970 Autumn Meeting. 

Sensory Training Aids for the Hearing Impaired. Proceedings 
of a conference, November 15-17, 1970. 

Product Quality, Performance, and Coat. Summary Report. 1971 
Annual Meeting. 

Product Quality, Performance , and Cost. Final Report. 1971 
Annual Meeting. 

Application of Technology to Improve Productivity in the 
Service Sector of the National Economy. Summary report and 
recommendations based on a symposium and workshops held during 
the Seventh Autumn Meeting of the NAE , November 1-2, 1971. 

Summary of Forum II Proceedings . Summary proceedings of a 
conference on power plant siting organized by the Committee on 
Power Plant Siting, April, 1972. 

Transportation and the Prospects for Improved Efficiency . 
Proceedings of a symposium held during the Eighth Autumn 
Meeting of the NAE, October 12-13, 1972. 

Proceedings -- Symposium on Increasing Minority Participation in 
Engineering . Proceedings of a symposium organized by the Com- 
mission on Education, May 6-8, 1973. 

Earthquake Environment Simulation. Final report and proceed- 
ings of a workshop, September 7-9, 1973. 

National Materials Policy. Proceedings of a joint meeting of 
the NAS and NAE held in connection with the Ninth Autumn Meeting 
of the NAE, October 25-26, 1973. 



OFFICE OF THE FOREIGN SECRETARY 



Meeting the Challenge of Industrialization: A Feasibility Study 
for an International Industrialization Institute . Report of a 
special international panel of the Board on Science and Tech- 
nology for International Development. Office of the NAS Foreign 
Secretary, with the collaboration of the National Academy of 
Engineering. 1973. 

U. S. International Firms and R, D t &E in Developing Countries . 
Report of an ad hoc panel of the Board on Science and Technology 
for International Development. Office of the NAS Foreign Secre- 
tary with the collaboration of the National Academy of Engi- 
neering. 1973. 
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REPORTS OF COMMITTEES OF THE NAE 



Aeronautics and Space Engineering Board 

Helicopter and V/STOL Noise Generation and Suppression. Report 
by the Aeronautics and Space Engineering Board of the results 
of a joint U.S. Army, NAS, and NAE conference. July, 1968. 

Civil Aviation Research and Development : An Assessment of Federal 
Government Involvement -- Summary Report. Report to the National 
Aeronautics and Space Administration. August, 1968. 

Civil Aviation Research and Development : An Assessment of Federal 
Government Involvement — Aircraft Noise. Ad hoc committee report. 
December, 1968. 

Civil Aviation Research and Development : An Assessment of Federal 
Government Involvement -- Air Traffic Control. Ad hoc committee 
report. December, 1968. 

Civil Aviation Research and Development : An Assessment of Federal 
Government Involvement -- Aircraft Operations . Ad hoc committee 
report. December, 1968. 

Civil Aviation Research and Development : An Assessment of Federal 
Government Involvement -- Airport and Support Activities . Ad hoc 
committee report. December, 1968. 

Civil Aviation Research and Development: An Assessment of Federal 
Government Involvement -- Economics of Civil Aviation. Ad hoc 
committee report. December, 1968. 

Civil Aviation Research and Development : An Assessment of Federal 
Government Involvement -- Flight Vehicl Airbreathing Propul- 

sion. Ad hoc committee report. December, 1968. 

Bureau of Mines, Committee Advisory to the 

Study of the Need for an Advisory Committee for the Bureau of Mines. 
July, 1973. 



Education, Commission on 

A Notebook of Films for Engineering Education, 1961 

Educational Technology in Higher Education The Promises and 
Limitations of ITV and CAI. 1969. 
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Computer-Oriented Electrical Engineering Experiments , 1969-1970 . 
December, 1969. 

Social Directions for Technology . Memorandum of a workshop. 
June, 1971. 

CACHE Physical Properties Data Book. August, 1972. 

Proceedings -- Symposium on Increasing Minority Participation in 
Engineering . Proceedings of a symposium held on May 6-8, 1973. 

Real Time Task Force. Summary of a study by the CACHE Committee. 
October, 1973. 

Issues and Public Policies in Educational Technology : To Realize 
the Promise. Advisory Committee on Issues in Education Tech- 
nology. 1974. 

COSINE Ta3k Force Publications 

Some Specifications for a Computer-Oriented First Course in Elec- 
trical Engineering . Task Force I. September, 1968. 

An Undergraduate Electrical Engineering Course on Computer Orga- 
nization. Task Force II. October, 1968. 

Some Specifications for an Undergraduate Course in Digital Sub- 
systems. Task Force III. November, 1968. 

Impact of Computers on Electrical Engineering Education -- A View 
from Industry. Task Force V. September, 1969. 

An Undergraduate Computer Engineering Option for Electrical Engi- 
neering. Task Force IV. January, 1970. 

Digital Systems Laboratory Courses and Laboratory Development . 
Task Force VI. March, 1971. 

An Undergraduate Course on Operating Systems Principles . Task 
Force VIII. June, 1971. 

Minicomputers in the Digital Laboratory Program. Task Force VII. 
April, 1972. 



Energy, Task Force on 

U. S. Energy Prospects : An Engineering Viewpoint . May, 1974. 



Engineering Manpower Policy, Committee on 

Engineering and Scientific Manpower: Recommendations for the 
Seventies . 1973. 
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Environmental Engineering, Committee o n 

(Formerly Committee on Engineering Aspects of Environmental Quality) 



Study of the Navy Environmental Protection Data Base. Report 
to the Naval Civil Engineering Laboratory by the Navy Environ- 
mental Protection Program Study Group. March, 1974. 



Industrialized Housing, Committee on 

Industrialized Housing: An Inquiry Into Factors Influencing 
Entry Decisions by Major Manufacturing Corporations . 1972. 



Integrated Utility Systems Board 

Evaluation of Integrated Utility Systems. A report to the 
Office of Policy and Development Research, Department of 
Housing and Urban Development. 1974. 



Interplay of Engineering with Biology and Medicine, Committee on the 

Prototype University Plans for the Development of Biomedical 
Engineering . Report to the National Institutes of Health. 
April, 1969. 

Engineering and Medicine . Proceedings of a symposium held in 
connection with the Fourth Autumn Meeting of the NAE, October 
30-31, 1968. 1970. 

Government Patent Policy. Report to the National Institutes of 
Health. March, 1970. 

Evaluation of Mobility Aids for the Blind. Proceedings of a 
conference, June 22-23, 1970. 

Sensory Training Aide for the Rearing Impaired. Proceedings of 
a conference, November 15-17, 1970. 

An Assessment of Industrial Activity in the Field of Biomedical 
Engineering. 1971. 

Sensory Aids for the Handicapped: A Plan for Effective Action. 
December, 1971. 

Federal Agency Development in Medical Engineering . Report of 
the Subcommittee on Interaction with Industry. 1973. 

Selected Research, Development and Organizational Needs to Aid 
the Hearing Impaired. Report of the Subcommittee on Sensory 
Aids. May, 1973. 

Selected Research, Development and Organizational Needs to Aid 
the Visually Impaired. Report of the Subcommittee on Sensory 
Aids. May, 1973. 
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Study of Engineering in Medicine and Health Care. Final report 
to the National Institutes of Health. June, 1973. 

Study of Aerospace Technology Utilization in the Civilian Bio- 
medical Field 3 and three supplements: "Report on Pulmonary Care" 
(1970); "Report on Cardiovascular Care" (1970); "Emergency 
Medical Communications" (1972) . Final report to the National 
Aeronautics and Space Administration. November, 1973. 



Marine Board 

(Formerly Committee on Ocean Engineering) 

An Oceanic Quest: The International Decade of Ocean Exploration. 
Report prepared jointly by the Committee on Oceanography (NAS/NRC) 
and the Committee on Ocean Engineering (NAE) . April, 1969. 

Background Papers for Coaetal Wastes Management. 1969. 

Waste Management Concepts for the Coastal Zone -- Requirements 
for Research and Investigation. October, 1970. 

Outer Continental Shelf Resource Development Safety: A Review 
of Technology and Regulation for the Systematic Minimization of 
Environmental Intrusion from Petroleum Products . Panel on 
Operational Safety in Offshore Resource Development. December, 
1972. 

Toward Fulfillment of a National Ocean Commitment. 1972. 

Civil Manned Undersea Activity : An Assessment . Report prepared 
jointly by the Ocean Affairs Board (NAS/NRC) and the Marine Board 
(NAE). 1973. 

First Report of the Review Committee on Safety of Outer Conti- 
nental Shelf Petroleum Operations to the United States Geological 
Survey. January, 1974. 

Deepwater Oil Terminals -- Position Paper. January, 1974. 

Second Report of the Review Committee on Safety of Outer Conti- 
nental Shelf Petroleum Operations to the United States Geological 
Survey. June, 1974. 

Directions for Data Buoy Technology 1978-1983. A report to the 
Department of Navy and the National Oceanic and Atmospheric Admin- 
istration by a Panel on Buoy Technology Assessment. 1974. 



Mine Rescue and Survival Techniques, Committee on 

Mine Rescue and Survival -- Final Report. Report to the Bureau 
of Mines. March, 1970. 
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NSF Experimental R&D Incentives Program f ad hoc Study Panel of 
tne 

Experiments in Research and Development Incentives . A final 
report to the National Science Foundation. June, 1974. 

Power Plant Siting, Committee on 

Engineering for Resolution of the Energy-Environment Dilemna: 
A Summary. 1971. 

Engineering for Resolution of the Energy-Environment Dilemna. 1972. 

Summary of Forum II Proceedings . Summary proceedings of a confer- 
ence on power plant siting. April, 1972. 



Project Gasoline, Advisory Committee on 

Final Report of the Advisory Committee on Project Gasoline. Report 
to the Department of Interior. October, 1970. 



Public Engineering Policy, Committee on 

A Study of Technology Assessment. Report to the House Committee on 
Science and Astronautics. July, 1969. 

Federal Support of Applied Research. Report to the National 
Science Foundation of the Ad Hoc Task Force on Roles of the 
Federal Government in Applied Research. 1970. 

Priorities in Applied Research: An Initial Appraisal. Report to 
the National Science Foundation. 1970. 

Perspectives on Benefit-Risk Decision Making. Report of a collo- 
quium. 1972. 

Priorities for Research Applicable to National Heeds. Report of an 
ad hoc steering committee for the study of research applied to 
national needs. October, 1973. 



Technology Transfer and Utilization, Committee on 

Technology Transfer and Utilization: Recommendations for Re- 
directing the Emphasis and Correcting the Imbalance . Report to 
the National Science Foundation. February, 1974. 
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Telecommunications, Committee on 



Reports on Selected Topics in Telecommunications . Report to the 
Department of Housing and Urban Development. December, 1968. 

Telecommunications for Enhanced Metropolitan Function and Form. 
August, 1969. 

The Application of Social and Economic Values to Spectrum Manage- 
ment. Interim Report. August, 1969. 

The Application of Social and Economic Values to Spectrum Manage- 
ment. Final Report. June, 1970. 

Communications Technology for Urban Improvement. Final Report. 
June, 1971. 

Telecommunications Research in the United States and Selected 
Foreign Countries: A Preliminary Survey. Vol. I: Summary; 
Vol. II: Individual Contributions . Report of the committee's 
Panel on Telecommunications Research to the National Science 
Foundation. June, 1973. 



Transportation, Committee on 

Urban Transportation Research and Development . Report to the U.S. 
Department of Transportation. May, 1972. 

Transportation and the Prospects for Improved Efficiency . Proceed- 
ings of a symposium held during the Eighth Autumn Meeting of the 
NAE, October 12-13, 1972. 



REPORTS OF JOINT COMMITTEES OF THE NAS/NAE/NRC 



Ambulance Design Criteria, Committee on (NAS/NAE/NRC) 

Ambulance Design Criteria. Report to the Department of Transporta- 
tion. June, 1970. 



Development Criteria for Nonrail Transit Vehicles , 
Advisory Committee on (NAE/NRC) 

Design and Performance Criteria for Improved Nonrail Urban Mass 
Transit Vehicles and Related Urban Transportation Systems. Re- 
port to the U. S. Department of Housing and Urban Development. 
June, 1968. 
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Environmental Studies Board (NAS/NAE) 

Institutions for Effective Management of the Environment , Part I. 
Study Group Report. January, 1970. 

Environmental Probleme in South Florida , Part II. Study Group 
Report. March, 1970. 

Jamaica Bay and Kennedy Airport: A Multidisciplinary Environ- 
mental Study , Vol. I: Conclusions, Recommendations, Summary; 
Vol. lit A Report of the Jamaica Bay Environmental Study Group. 
Report to the Port of New York Authority. 1971. 

Institutional Arrangements for International Environmental Coop- 
eration. A report to the Department of State by the Committee 
for International Environmental Programs. 1972. 

Biological Impacts of Increased Intensities of Solar Ultraviolet 
Radiation. Ad Hoc Panel on the Biological Impacts of Increased 
Intensities 6T Solar Ultraviolet Radiation. 1973. 

Man, Materials and Environment. A report to the National Com- 
mission on Materials Policy. 1973. 

Research Needs in Water Quality Criteria: 1972. A report to the 
Environmental Protection Agency by the Committee on Water Quality 
Criteria. 1973. 

Principles for Evaluating Chemicals in the Environment . A report 
to the Environmental Protection Agency by the Committee for the 
Working Conference on Principles of Protocols for Evaluating 
Chemicals in the Environment (NAS/NAE) , and Committee on Toxi- 
cology (NRC) . February, 1973. 

Air Quality and Automobile Emission Control, Vol. I: Summary 
Report; Vol. II: Health Effects of Air Pollutants; Vol. Ills 
The Relationship of Emissions to Ambient Air Quality; Vol. IV: 
The Costs and Benefits of Automobile Emission Control. Reports 
to the Committee on Public Works of the United States Senate by 
the Coordinating Committee on Air Quality Studies. September, 
1974. 

Rehabilitation Potential of Western Coal Lands. A report to the 
Energy Policy Project of the Ford Foundation by the Study Com- 
mittee on the Potential for Rehabilitating Lands Surface Mined 
for Coal in the Western United States. 1974. 

Water Quality Criteria: 1972. A report to the Environmental Pro- 
tection Agency by the Committee on Water Quality Criteria. 1974. 

Underground Disposal of Coal Mine Wastes. A report to the Na- 
tional Science Foundation by the Study Committee to Assess the 
Feasibility of Returning Underground Coal Mine Wastes to the 
Mined-Out Areas, Environmental Studies Board/Board on Energy 
Studies (NAS/NAE). 1975. 
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Housing and Urban Developm ent, Advisory Committee to the 
Department "oT <NAS/NAE) 



Freedom of Choice in Housing: Opportunities and Constraints . A 
report of the Social Science Panel, Division of Behavioral Sciences, 
NRC; and recommendations of the Advisory Committee to HUD. 1972. 

Urban Growth and Land Development: The Land Conversion Process. 
Ad hoc committee report. 1972. 

A Report on Operation BREAKTHROUGH. A report of the Technical 
Panel of the committee. 1974. 

Revenue Sharing and the Planning Process: Shifting the Locus of 
Responsibility for Domestic Problem Solving. A report of the 
Subcommittee on the Planning Process and Urban Development. 1974. 

Toward an Understanding of Metropolitan America. A report of the 
committee's Social Science Panel on the Significance of Community 
in the Metropolitan Environment, Assembly of Behavioral and Social 
Sciences, NRC. 1974. 



Mineral Science and Technology, Committee on (NAS/NAE/NRC) 

Mineral Science and Technology -- Needs, Challenges, and 
Opportunities. Report to the Bureau of Mines. October, 1969. 

Extractive Metallurgy . Panel report. December, 1969. 

Fuel Science and Technology . Panel report. December, 1969. 

Mineral Economics. Panel report. December, 1969. 

Mining. Panel report. December, 1969. 

Nonmetallic Materials . Panel report. December, 1969. 



Natural Disasters; Committee on (NAS/NAE/NRC) 
(Formerly the Committee on Earthquake Engineering Research; 
Committee on Earthquake Engineering Inspection; and Committee 
on Inspection of Structural Damage Due to Earthquakes, Winds, 
and Other Natural Disasters) 

Engineering Report on the Caracas Earthquake of 29 July 1967. 
November, 1968. 

Earthquake Engineering Research. Report to the National 
Science Foundation. January, 1970. 

The Gediz t Turkey Earthquake of 1970. Report to the National 
Science Foundation. September, 1970. 

The Western Sicily Earthquake of 1968. Ad hoc committee re- 
port. January, 1970. 
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The Lubbock Storm of May 11, 1970. Report to the National Science 
Foundation. October, 1970. 



The Engineering Aspects of the Qir Earthquake of April 10, 1972 
in Southern Iran. A report to the National Science Foundation 
prepared by Reza Razani, Pahlavi University, Iran, and Kenneth L« 
Lee, University of California at Los Angeles, submitted to the 
committee. 1973. 

Destructive Earthquake in Burdur and Bingol, Turkey -- May 1971. 
Report and recommendations by W. 0. Keightley, Montana State 
University, submitted to the committee. 1973. 



Pollution Abatement and Control, Committees on (NAS/NAE/NRC) 

Committee on Air Quality Management 

Abatement of Sulfur Oxide Emissions from Stationary Combuetion 
Souroee. COPAC-2. Ad hoc panel report to the National Air 
Pollution Control AdmTnTiTration, Public Health Service, Depart- 
ment of Health, Education and Welfare. 1970. 

Abatement of Nitrogen Oxide Emieeione from Stationary Souroee. 
COPAC-4 . Ad hoc panel report to the Environmental Protection 
Agency. 19T2. 

Abatement of Particulate Emieeione from Stationary Souroee. 
COPAC-5. Ad hoc panel report to the Environmental Protection 
Agency. 19T2. 

Evaluation of Coal-Gaeifioation Technology : Part I -- Pipe- 
line-Quality Gae. COPAC-6. Ad hoc panel report to the Office 
of Coal Research, Department 6T the Interior. 1972. 

Evaluation of Coal-Gasification Technology : Part II -- Low- 
and Intermediate-BTU Fuel Gases. COPAC-7. Ad hoc panel re- 
port to the Office of Coal Research, Department~oT the Interior. 
1973. 

Committee on Solid Waste Management 

Policiee for Solid Waste Management. Report to the Bureau of 
Solid Waste Management, Public Health Service, Department of 
Health, Education and Welfare. September, 1969. 

Committee on Water Quality Management 

Acid Mine Drainage in Appalachia. Report to the Appalachian 
Regional Commission. June, 1969. 



Rapid Excavation, Committee on (NAS/NAE/NRC) 

Rapid Excavation: Significance, Needs, Opportunities . Report 
to the Bureau of Mines. August, 1968. 
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Science , Technology and Regional Economic Development , 
Committee on (NAS/NAE) 



The Impact of Science and Technology on Regional Economic Develop- 
ment. Report to the Department of Commerce. August, 1969. 



Scientific and Technical Communication, Committee on (NAS/NAE) 

Scientific and Technical Communication: A Pressing National 
Problem and Recommendatione for ite Solution. Report to the 
National Science Foundation. June, 1969. 



Urban Technology, Committee on ( NAS/NAE ) 

Long-Range Planning for Urban Research and Development : Tech- 
nological Considerations . Report to the Department of Housing 
and Urban Development. August, 1969. 
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Held in Connection With 
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National Academy of Engineering 
1964-1974 
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SYMPOSIA HELD IN CONNECTION WITH 
ANNUAL AND AUTUMN MEETINGS 
OF THE 

NATIONAL ACADEMY OF ENGINEERING 



First Annual Meeting 

Symposium on the 

"DYNAMICS OF STRUCTURES WITH APPLICATION TO 
EARTHQUAKE RESISTANCE OF TALL BUILDINGS" 



April 29, 1965 
Washington, D. C. 

Chairman: Augustus B. Kinzel 
Vice Chairman: Thomas C. Kavanagh 



First Autumn Meeting 

Symposium on 

"SOME ASPECTS OF OCEAN ENGINEERING" 

October 21, 1965 
New York, New York 

Chairman: Thomas C. Kavanagh 
Second Annual Meeting 

Symposium on 

"TRAFFIC SAFETY - A NATIONAL PROBLEM" 



April 28, 1966 
Washington, D. C. 

Chairman: J. Herbert Hollomon 
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Second Autumn Meeting 

Symposium on 



"WHAT SHOULD THE 
NATIONAL ACADEMY OF ENGINEERING 
DO ABOUT ENGINEERING EDUCATION?" 

October 13 # 1966 
New York, New York 

Chairman: Eric A. Walker 



Third Annual Meeting 

Symposium on 

"SCIENCE, ENGINEERING, AND THE CITY" 
(Held jointly with National Academy of Sciences) 



April 26-27 r 1967 
Washington, D. C. 

Chairman: John G. Truxal 



Third Autumn Meeting 



Symposium on 

"ENGINEERING FOR THE BENEFIT OF MANKIND" 



September 20-21, 1967 
Ann Arbor, Michigan 

Chairman: Harry F. Barr 
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Fourth Annual Meeting 

Sympos iuro on 

"THE PROCESS OF TECHNOLOGICAL INNOVATION" 

April 24, 1968 
Washington, D. C. 

Chairman: Francis K. McCune 

Fourth Autumn Meeting 

Symposium on 

"ENGINEERING AND MEDICINE" 

October 30-31, 1968 
Washington, D. C. 

Chairman: Edward E. David, Jr. 



Fifth Annual Meeting 



Symposia on 



"THE URBAN PROBLEM" 
(Held jointly with National Academy of Sciences) 



and 

"PUBLIC SAFETY - 
A GROWING FACTOR IN MODERN DESIGN" 

April 30-May 1, 1969 
Washington, D. C. 

Chairman: Nunzio J. Palladino 



Fifth Autumn Meeting 



Symposium on 

"THE ENGINEER AND THE CITY" 

October 22-23, 1969 
Washington, D. C. 

Chairman: Martin Goland 
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Sixth Annual Meeting 

Symposium on 

"THE FOOD-PEOPLE BALANCE" 

April 29-30, 1970 
Washington, D. C. 

Chairman: Richard D. DeLauer 

Sixth Autumn Meeting 

Symposium on 

"TECHNOLOGY AND INTERNATIONAL TRADE" 

October 14-15, 1970 
Washington, D. C. 

Chairman: John R. Pierce 

Seventh Annual Meeting 

Symposium on 

"PRODUCT QUALITY, PERFORMANCE, AND COST" 

April 28-30, 1971 
Washington, D. C. 

Chairman: H. Guy ford Stever 
Seventh Autumn Meeting 

Symposium on 

"APPLICATION OF TECHNOLOGY TO IMPROVE PRODUCTIVITY 
IN THE SERVICE SECTOR OF THE NATIONAL ECONOMY" 

November 1-2, 1971 
Washington, D. C. 

Chairman: George M. Low 
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Eighth Annual Meeting 

Symposium on 

"INDUSTRIALIZED HOUSING" 

April 27, 1972 
Washington, D. C. 

Chairman: Eric A. Walker 



Eighth Autumn Meeting 

Symposium on 

"TRANSPORTATION AND THE 
PROSPECTS FOR IMPROVED EFFICIENCY" 

October 12-13, 1972 
Washington, D. C. 

Chairman: Seymour W. Herwald 



Ninth Annual Meeting 

REPORTS FROM THE NAE COMMITTEES 

May 3-4, 1973 
Washington, D. C. 



Ninth Autumn Meeting 

Joint NAS-NAE Meeting on 

"NATIONAL MATERIALS POLICY" 

October 25-26, 1973 
Washington, D.C. 

Chairman: Robert I. Jaffee 

Tenth Annual Meeting 

REPORTS FROM THE NAE COMMITTEES 

May 2-3, 1974 
Washington, D. C. 
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Tenth Autumn Meeting 



Presentations on 

"SURVIVAL - A NATIONAL GOAL 
FOR LIVING WITHIN OUR RESOURCES" 

October 10, 1974 
Washington, D. C. 

Chairman: John G. Linvill 
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APPENDIX IX 



ARTICLES OF ORGANIZATION 
AND BYLAWS 



The Articles of Organization were approved by 
the Council of the National Academy of Sciences 
on December 5, 1964. 

The Bylaws were adopted by the Founding Members 
at the Organizing Meeting of the National Academy 
of Engineering held on December 10, 1964. 

The text reproduced herein is that of the seventh 
edition, revised, and includes amendments to the 
Bylaws made on March 17, 1965, March 24, 1966, 
February 20, 1967, April 25, 1968, October 31, 
1968, May 2, 1969, April 30, 1970, and May 2, 1974. 
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ARTICLES OF ORGANIZATION 



ARTICLE I CREATION AND COMPLETION OF ORGANIZATION 

The National Academy of Sciences, under the authority conferred 
upon it by its Charter enacted by the Congress, adopts the 
following Articles of Organization for the National Academy of 
Engineering. 

SECTION 1. The National Academy of Engineering (hereinafter 
called the "Academy") shall be an institution with the powers, 
limitations, and restrictions contained in these articles of 
organization. 

SECTION 2. The following persons are named as the Founding 
Members of the Academy: Hendrik Wade Bode, Walker Lee Cisler, 
Hugh Latimer Dryden, Elmer William Engstrom, William Littell 
Everitt, Antoine Marc Gaudin, Michael Lawrence Haider, George 
Edward Holbrook, John Herbert Hollomon, Jr., Thomas Christian 
Kavanagh, Augustus Braun Kinzel, James Nobel Land is, Clarence 
Hugo Linder, Clark Blanchard Millikan, Nathan Mortimore Newmark, 
William Hayward Pickering, Simon Ramo, Arthur Emmons Raymond, 
Thomas Kilgore Sherwood, Julius Adams Stratton, Chauncey Guy 
Suits, Frederick Emmons Terman, Charles Allen Thomas, Eric Arthur 
Walker, Ernst Weber. 

SECTION 3. The Founding Members are authorized to complete 
the organization of the Academy by the selection of officers and 
employees, the adoption of bylaws not inconsistent with these 
articles of organization, the election of such additional members 
as they may deem appropriate prior to the first annual meeting 
of the Academy, and the doing of such further acts as may be 
necessary for such purpose. 



ARTICLE II OBJECTS AND PURPOSES 
The objects and purposes of the Academy shall be: 

1. To provide means of assessing the constantly changing 
needs of the nation and the technical resources that can and 
should be applied to them; to sponsor programs aimed at meeting 
these needs; and to encourage such engineering research as may 
be advisable in the national interest. 

2. To explore means for promoting cooperation in engi- 
neering in the United States and abroad, with a view to se- 
curing concentration on problems significant to society and 
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encouraging research and development aimed at meeting them. 

3. To advise the Congress and the executive branch of 

the government, whenever called upon by any department or agency 
thereof, on matters of national import pertinent to engineering. 

4. To cooperate with the National Academy of Sciences on 
matters involving both science and engineering. 

5. To serve the nation in other respects in connection 
with significant problems in engineering and technology. 

6 . To recognize in an appropriate manner outstanding con- 
tributions to the nation by leading engineers. 



ARTICLE III POWERS 
The Academy shall have power: 

1. To adopt, alter, and use an official seal. 

2. To adopt, amend, and alter bylaws, not inconsistent 
with these articles of organization, for the regulation of its 
affairs . 

3. To elect additional members. 

4. To choose such officers, members of its Council, 
managers, agents, and employees as the business of the Academy 
may require. 

5. To control and administer any property, real or per- 
sonal, necessary or proper for attaining the objects and 
carrying into effect the purposes of the Academy. 

6 . To make contracts for the performance of services and 
for the disposition of funds or property that are under its 
control, in accordance with procedures to be established jointly 
by the Councils of the National Academy of Engineering and the 
National Academy of Sciences. 

7. To do any other acts and things, not inconsistent 
with these articles of organization, as may be necessary and 
proper to carry out the purposes of the Academy. - 

provided, however, that the foregoing powers shall not be con- 
strued to authorize any act that is inconsistent with Section 
501(c) (3) of the Internal Revenue Code or comparable 
statutory tax-exemption provisions, or with the provisions of 
the Act of Incorporation of the National Academy of Sciences, 
as amended. 
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ARTICLE IV PRINCIPAL OFFICE; SCOPE OF ACTIVITIES 



The principal office of the Academy shall be located in the 
District of Columbia. The activities of the Academy may be con- 
ducted there or elsewhere. 



ARTICLE V MEMBERSHIP 

A person shall be qualified as a candidate for membership in 
the Academy if he personally has made identifiable contributions 
or accomplishments in one or both of the following categories: 

1. Important contributions to engineering theory and 
practice, including significant contributions to the literature 
of engineering. 

2. Demonstration of unusual accomplishments in the pio- 
neering of new and developing fields of technology. 

A candidate for membership shall be recognized by his 
associates and others for his professional integrity, as well 
as for his engineering accomplishments. Effectiveness and 
efficiency in leadership of organizations that have conducted 
pioneering or complex programs or that have made noteworthy 
contributions to the field of engineering education should be 
weighed as supplementing the primary qualifications outlined 
above . 



ARTICLE VI COUNCIL; COMPOSITION; RESPONSIBILITIES 

SECTION 1. The composition, terras of office, and manner 
of election of the Council of the Academy shall be established 
by its bylaws, except that the President of the National Academy 
of Sciences, by virtue of his office, shall be a member of the 
Council of the National Academy of Engineering and of its 
Executive Committee. 

SECTION 2. The Council shall be the governing board of 
the Academy and shall, during intervals between meetings of 
the members, be responsible for the general policies and pro- 
grams of the Academy. The Council shall be responsible for 
the control of all funds administered by the Academy. 

SECTION 3. The Council may authorize the payment of com- 
pensation to the officers and staff of the Academy for their 
services as may from time to time be appropriate. In addition, 
the Council may authorize reimbursement of the officers and 
and members of the Council and of all committees for traveling 
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and other incidental expenses incurred in carrying on the work 
of the Academy. 



ARTICLE VII OFFICERS 

The officers of the Academy shall be a president, one or more 
vice presidents, a secretary, a treasurer, and such other 
officers as may be prescribed in its bylaws. 



ARTICLE VIII COOPERATION BETWEEN THE ACADEMIES 

SECTION 1. The Council of the National Academy of Engi- 
neering and the Council of the National Academy of Sciences 
shall each select an equal number of persons to serve as a 
Joint Board to recommend policies and modes of operation for 
accomplishing the most effective cooperation between the two 
Academies and to perform such other functions as may be assigned 
to it by joint action of the Councils of the two Academies. 

SECTION 2. The National Academy of Engineering shall be 
solely responsible for the content of reports on projects that 
it undertakes, and such reports may be issued in its own name. 

SECTION 3. Prior to the expiration of each term of office 
of the chairman of the division of Engineering and Industrial 
Research* of the National Research Council, the Council of the 
National Academy of Engineering shall present to the Council 
of the National Academy of Sciences the name or names of persons 
whom the Council of the National Academy of Engineering recom- 
mends for appointment to the position. 

SECTION 4 . In dealing with the Congress and in matters 
involving other countries , the National Academy of Engineering 
shall work jointly with the National Academy of Sciences. 



ARTICLE IX MINUTES; FINANCIAL RECORDS 

SECTION 1. The Academy shall keep minutes of the pro- 
ceedings of its members, Council, and committees having autho- 
rity under the Council. It shall also keep books and records 
of its financial transactions. 



*now Division of Engineering. 
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SECTION 2. After the close of each fiscal year, the 
accounts of the Academy shall be audited by independent certi- 
fied public accountants. A report of such audit shall be made 
to the Councils of the National Academy of Engineering and the 
National Academy of Sciences. 



ARTICLE X RESTRICTIONS ON ACTIVITIES 

SECTION 1. No part of the income or assets administered 
by the Academy shall inure to any member or official of the 
Academy or member of the Council, or be distributable to any 
such person during the life of the Academy or upon its dissolu- 
tion or final liquidation. Nothing in this section, however, 
shall be construed to prevent the payment of reasonable compen- 
sation to any such person as authorized in Section 3 of Article 
VI hereof. 

SECTION 2. No substantial part of the activities of the 
Academy shall consist of carrying on propaganda or otherwise 
attempting to influence legislation. 



ARTICLE XI USE OF ASSETS ON DISSOLUTION OR LIQUIDATION 

Upon final dissolution or liquidation of the Academy, and 
after discharge or satisfaction of all the outstanding obliga- 
tions and liabilities for which it is responsible, the remaining 
assets in the hands of the Academy shall be distributed in a 
manner that is consistent with the purposes of the National 
Academy of Engineering and in accordance with all applicable re- 
strictions and obligations of the National Academy of Sciences. 
Except as provided in Article XII hereof, such distribution 
shall be determined by the Council of the National Academy of 
Sciences . 



ARTICLE XII DISPOSITION OF ASSETS UPON INCORPORATION 

Should the Academy be incorporated independently at a later 
date, all permanent assets under its control (whether by 
way of endowment or otherwise) shall be transferred to such new 
corporation, provided that such transfer is not inconsistent 
with Section 501(c) (3) of the Internal Revenue Code and com- 
parable statutory tax-exemption provisions. The disposition 
of any funds or property that the Academy is then administer- 
ing under grants, contracts, and the like shall be determined 
by agreement between the presidents of the National Academy of 
Engineering and the National Academy of Sciences. 
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ARTICLE XIII AMENDMENTS 



Any proposed amendment to these articles of organization 
shall be considered by the Council of the Academy and, if two- 
thirds of the Council approve the same, it shall be submitted 
to the Council of the National Academy of Sciences. If the 
latter approves the proposed amendment, the Council of the 
National Academy of Engineering shall report thereon to the 
members of that Academy at their next stated meeting. If the 
proposition is considered favorably by a majority of the members 
present, it shall be submitted, by notice given to all members 
of the Academy not less than thirty days in advance, for final 
action at their next stated meeting. Members who are unable to 
attend that meeting may send their votes on the proposed amend- 
ment to the secretary, and such votes shall be counted as if 
the members were present. If the proposed amendment is approved 
by a majority of the votes cast, it shall be declared adopted. 
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BYLAWS 



ARTICLE I SEAL 

The seal of the National Academy of Engineering (hereinafter 
called the "Academy") shall be in the form of a circle and shall 
have inscribed thereon: 

National Academy of Engineering, 1964, Official Seal 



ARTICLE II MEMBERS, MEMBERS EMERITI, AND 
FOREIGN ASSOCIATES 

SECTION 1. Composition. The Academy shall consist of 
members, members emeriti, and foreign associates. There shall 
be no age limit on any of these categories. 

SECTION 2. Members. The qualifications of candidates for 
membership in the Academy are stated in Article V of the Articles 
of Organization. Members must be citizens of the United States. 

SECTION 3. Members Emeriti. Members having reached the 
age of seventy who have been on the rolls of the Academy for 
five years and who wish to be relieved of the status of active 
membership may, at their own request, be transferred to the 
roll of members emeriti. A member emeritus shall not be sub- 
ject to dues or assessments and shall not be eligible to 
serve as an officer, a member of the Council, or a chairman 
of a standing committee. A member emeritus shall have all 
other privileges of a member, including the right to vote on 
Academy matters and to serve as a member of committees. 

SECTION 4. Foreign Associates . Candidates for election as 
foreign associates shall meet the requirements for qualification 
for membership, but shall be nationals of other countries. 
Foreign associates shall have the privilege of attending meetings 
and of reading and communicating papers to the Academy, but shall 
take no part in its business and shall not be subject to its dues 
or assessments. A foreign associate of the Academy who becomes 
a citizen of the United States shall have all the privileges and 
duties of a member of the Academy, including listing in the 
roster of members, unless he shall request otherwise. 
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SECTION 5. Dues. The amount of the annual membership 
dues shall be recommended by the Council and fixed by the members 
and shall be payable by the members within thirty days after 
commencement of the fiscal year for which they are assessed. In 
the case of newly elected members, dues shall commence with the 
fiscal year next following the date of election and shall be 
payable within thirty days of acceptance of election. 

SECTION 6. Nomination and Election . Nomination and 
election of members and foreign associates of the Academy shall 
be in accordance with procedures developed by the Committee on 
Membership and approved by the Council. The procedures shall 
provide for the Council to fix annually the maximum number of 
new members and new foreign associates to be elected, for nomi- 
nations to be submitted by members of the Academy to the Com- 
mittee on Membership, for evaluation of these nominations and 
subsequent recommendations to the Council by the Committee on 
Membership, and for presentation of nominees by the Council 
to the members of the Academy for election. 

SECTION 7. Notification and Acceptance . Each member- 
elect or foreign associate-elect shall, immediately following 
his election, be notified thereof in writing by the secretary. 
Each person elected to membership must accept the invitation, 
in writing, before the close of the next stated meeting of the 
Academy. Otherwise, on proof that the secretary has formally 
notified him of his election, his name shall not be entered on 
the roll of members. 

A diploma, with the official seal of the Academy and the 
signatures of the officers, shall be supplied by the secretary 
to each member on his acceptance of membership and to foreign 
associates on their election. 

SECTION 8. Termination. Resignation from membership shall 
be addressed to the president and acted on by the Council. 



ARTICLE III MEETINGS OF THE ACADEMY 

SECTION 1. Stated Meetings. The Academy shall hold one 
stated meeting, called the annual meeting, in the second quarter 
of each year in the City of Washington, District of Columbia, 
and another stated meeting, called the autumn meeting, at a 
place to be determined by the Council. The Council shall also 
have the power to fix the date of each meeting. Written notice 
of the time and place of each meeting shall be given to each 
member of the Academy not less than thirty days prior thereto. 

SECTION 2. Annual Meeting. The annual meeting shall con- 
sist of business sessions and technical sessions. At the business 
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sessions, the meeting shall receive any reports deemed appropriate 
by the officers and the Council; shall consider matters referred 
to it by the Council, and shall transact such other business as 
may properly come before it. At the technical sessions, the 
meeting shall receive and discuss communications on engineering 
subjects . 

SECTION 3. Autumn Meeting. If matters of business are 
included by the Council in the call of the autumn meeting, one 
part of the meeting shall consist of a business session. Other- 
wise, the autumn meeting shall consist solely of technical 
sessions. 

SECTION 4. Special Meetings. The Council may call special 
meetings of the Academy at such times and places and for such 
purposes as it may designate in the notice of call. The Council 
shall give not less than thirty days' written notice of the time, 
place, and purpose of all special meetings. 

SECTION 5. Votir.g. Each member and member emeritus of the 
Academy shall be entitled to one vote on each matter submitted 
to a vote at any meeting, but no member whose dues have been in 
arrears for a period of six months prior to the meeting shall 
be entitled to vote. 

SECTION 6. Quorum. Forty members, present in person, shall 
constitute a quorum at any business session of a stated or 
special meeting. 



ARTICLE IV FISCAL YEAR 

The fiscal year of the Academy shall be from July 1 of each year 
to June 30 of the year following. 



ARTICLE V COUNCIL 

SECTION 1. Membership ; T*rm. The Council of the Academy 
shall consist of the president, vice president, and treasurer 
of the Academy; the president of the National Academy of Sciences; 
the vice chairman of the National Research Council; and twelve 
members of the Academy to be elected by the membership. In addi- 
tion, the immediate past president of the Academy shall be a member 
of the Council for a period of one year immediately following the 
conclusion of his term of office. 

The terms of the twelve members of the Council who are elected 
by the membership shall be arranged on a staggered basis. There- 
after, at each annual meeting, four members of the Academy shall 
be elected to serve on the Council for a term of three years. The 
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term of each member of the Council shall expire at the close 
of the annual meeting at which his successor is elected, except 
that the term of a retiring president of the Academy shall expire 
one year after his retirement. 

SECTION 2. Vaoanoiea . Any vacancy on the Council between 
annual meetings may be filled by the majority of the remaining 
members of the Council. The person so elected shall serve until 
the next annual meeting of the Academy, at which time a successor 
shall be elected, as nearly as possible in accordance with 
Section 4 of Article VII of these bylaws, to fill the unexpired 
term. 

SECTION 3. Functions. Subject to the provisions of the 
Articles of Organization of the Academy and these bylaws, the 
Council shall have paramount authority with respect to the funds, 
activities, policies, and purposes of the Academy. The Council 
shall have power to adopt the annual general budget of the Academy 
and to appoint and fix the salaries of the personnel who may be 
deemed necessary for the conduct of its affairs. 

SECTION 4. Meetings . The Council shall meet immediately 
following the annual meeting of the Academy, and notice of such 
meeting shall not be required. The Council shall also meet at 
least three other times per year with the time and place of each 
meeting set forth in a written notice to all members of the 
Council at least ten days prior to the date of each meeting. 

In addition, the Council shall hold such special meetings 
as the president or three members of the Council, by written 
request to the president, may call, at such time and place and 
for such purpose as is designated by the president or by those 
members who have called the meeting. The president shall give 
to all members of the Council not less than five days' written 
or three days' telegraphic notice of the time, place, and purpose 
of each special meeting. 

Eight members of the Council shall constitute a quorum at 
all meetings thereof. 

SECTION 5. Executive Committee. There shall be an Executive 
Committee of the Council, consisting of the president, vice presi- 
dent, and treasurer of the Academy; the president of the National 
Academy of Sciences; and four members appointed annually by, and 
from, the Council of the Academy. The president of the Academy 
shall be the chairman of the Executive Coitmittee and the secre- 
tary of the Academy shall act as secretary of the Committee. 
Four members of the Committee shall constitute a quorum at all 
meetings thereof. 

During intervals between meetings of the Council, the Execu- 
tive Committee may exercise all the powers of the Council except 
that the Committee may not fill vacancies on the Council or among 
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the officers of the Academy, exercise the powers of the Council 
with respect to nominations to membership in the Academy, or do 
any other acts that are expressly prohibited to the Committee 
by the Council. 

The Executive Committee may, in the discretion of the presi- 
dent of the Academy, conduct any of its affairs by mail, tele- 
phonic, or telegraphic vote of all the members of such Committee, 
provided that any question so decided shall have been transmitted 
to every member of the Committee in the same wording. An affir- 
mative vote of a majority of the Councillors shall be necessary 
for action, and all members of the Committee shall be appraised 
of the vote before the result of the poll on questions so sub- 
mitted is recorded by the chairman. 

The Executive Committee shall hold such meetings as the 
chairman or any three members of the Committee may by written re- 
quest call, at such time and place and for such purposes as are 
designated by the chairman or by the three members who have 
called the meeting. The chairman shall give to every member of 
the Committee not less than five days' written or three days' 
telegraphic notice of the time, place, and purpose of each 
meeting of the Committee. 

The Executive Committee shall keep regular minutes and 
shall report on its proceedings to the Council. 



ARTICLE VI OFFICERS 

SECTION 1. General. The officers of the Academy shall 
be a president and a vice president, who shall be members of the 
Council, and such other officers, including a secretary and a 
treasurer (who need not be Academy members) , as the Council from 
time to time may determine. 

SECTION 2. Election; Term. The president, vice president, 
secretary, and treasurer shall be elected for a term of four years 
commencing with the close of the annual meeting at which their 
election is announced and ending with the close of the annual 
meeting at which the election of their successors is announced. 
The aforesaid officers shall be elected as specified in Section 4 
of Article VII of these bylaws. In case of a vacancy the 
election shall be held as nearly as possible in the same manner 
prior to the next business meeting of the Academy and shall be 
for the unexpired term, except that a vacancy in the office of the 
treasurer or secretary may be filled by appointment of the presi- 
dent until the next business session of the Academy. 

The president, vice president, secretary, and treasurer shall 
be elected for a term of four years commencing with the close of 
the annual meeting at which their election is announced and 
ending with the ciose of the annual meeting at which the election 
of their successors is announced. Any other offices created by 
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the Council shall be filled by appointment of the Council, for 
such terms as the Council may determine. 

SECTION 3. Dutiec of Officers. 

a. President. The president shall be the chief executive 
officer of the Academy and, with the Council, shall direct the 
general business of the Academy. He shall preside at all meetings 
of the Academy and the Council. He shall submit a report each 
year of the activities of the Academy to the Council at its 
regular meeting next preceding the annual meeting and to the 
Academy at its annual meeting. He shall be ex officio a member 

of all standing committees, in addition to those committee 
members specified in Article VII of these bylaws. In general, 
he shall have all the powers and duties of supervision and manage- 
ment usually vested in the office of the president of any insti- 
tution of this character. 

b. Vice President. The vice president shall be vested with 
all the powers and required to perform all the duties of the 
president in his absence or during his disability and shall per- 
form such other duties as may be prescribed by the Council . He 
shall be ex officio a member of all standing committees in addi- 
tion to those committee members specified in Article VII of 
these bylaws. 

c. Secretary . The secretary shall attend all meetings 

of the Academy and all meetings of the Council and the standing 
committees. He shall record all the proceedings of such sessions 
and meetings in a book or books kept for that purpose and, after 
approval by the Council, shall enter the minutes of business and 
technical meetings of the Academy in its permanent records. 

He shall conduct and be responsible for the correspondence 
of the Academy, as directed by the Council and the president. 

He shall acknowledge receipt of all contributions made to 
the Academy, shall keep records thereof, and shall report them 
promptly to the Council for its consideration. He shall keep 
a record of all grants of money and awards of prizes made by the 
Academy, in the form prescribed by the president and Council. 

He shall give proper notice of all meetings of the Academy 
and the Council and of all nominations for officers, membership 
in the Council, and membership in the Academy. 

He shall have custody of the seal of the Academy and shall 
affix it to all documents as authorized by the Council or the 
president. 

d. Treasurer. The treasurer shall be responsible for all 
receipts and disbursements of the Academy; shall ensure that full 
and accurate accounts thereof are kept; and shall be responsible 
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for the deposit, in such institutions as may be designated by 
the Council, of all monies, securities, and other valuable ef- 
fects that are under the administration or control of the Academy. 
In fulfilling the foregoing responsibilities, he may use the ser- 
vices of the staff of the Academy or he may arrange for use of the 
services of the National Academy of Sciences. He shall give such 
bond as the Council may require. 

He shall ensure that dues, assessments, and subscriptions 
are collected from the members and that appropriate records there- 
of are kept. He shall disburse the funds of the Academy as 
may be ordered by the Council or the president and shall render 
to the Council or the president, whenever it may be required, an 
account of all his transactions as treasurer. 

Not later than the first day of December of each year, the 
treasurer shall prepare and submit to the Council a full report 
of the financial affairs of the Academy for the preceding fiscal 
year, including all receipts and disbursements. He shall also 
prepare and present to the Council at least sixty days prior to 
the annual meeting and to the Academy at its annual meeting a 
financial statement for that part of the current fiscal year 
ending on December 31. 

SECTION 4. Delegation of Duties of Officers. In case of 
the absence or disability of any officer of the Academy or for 
any reason deemed sufficient by the Council, the powers or 
duties, or both, of such officer may be delegated by the Council 
to any other officer or member of the Council. 



ARTICLE VII COMMITTEES 

SECTION 1. Finance Committee . There shall be a Finance 
Committee, consisting of the treasurer, the president of the 
National Academy of Sciences, and not more than six members of 
the Academy appointed annually by the president. The treasurer 
of the Academy shall be chairman of the Finance Committee. The 
Committee shall prepare and present to the Council the annual 
general budget of the Academy and shall determine matters re- 
lating to the purchase and sale of securities or other invest- 
ments that are under the administration or control of the Academy. 
The Committee shall have the power, subject to the approval of 
the Council, to employ competent investment counsel to advise 
the Committee. 

SECTION 2. Auditing Comnittee . At each annual meeting of 
the Academy the president shall appoint an Auditing Committee 
consisting of three members, one of whom shall be named by the 
president as chairman of the Committee. The Committee shall 
arrange for an audit, by independent certified public accountants, 
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of the accounts of the Academy for the current fiscal year and 
shall present the report of audit to the Academy at the next 
annual meeting, together with such comments and recommendations 
as the Committee may deem appropriate. The Committee may cause 
to be made any other examinations of the financial records, the 
accounting records, and the system of internal control of the 
Academy that, in its judgment, are necessary for the determina- 
tion of the adequacy and accuracy of the accounts of the Academy. 

SECTION 3. Committee on Membership. There shall be a 
Committee on Membership, composed of not less than sixteen nor 
more than thirty members appointed by the Council, after taking 
into account the various branches of engineering represented in 
the Academy. The Council shall annually name the chairman and 
vice chairman of the Committee. The vice chairman shall, under 
normal circumstances, succeed to a one-year term as chairman. 

The members of the Committee shall be appointed for terms 
of three years, each of which, as nearly as possible, shall be 
on a staggered basis. The functions of the Committee shall be 
to analyze the membership structures of the Academy, to origi- 
nate nominations, and to appraise nominations received from the 



SECTION 4. Nominating Committee . The president, with the 
approval of the Council, shall annually appoint a Nominating 
Committee composed of five members, one of whom shall be a member 
of the Council and one of whom shall be named as chairman, to 
prepare nominations to fill any vacancies that will occur in that 
year in the Council or among the officers of the Academy. There 
shall be a complete rotation of the members of the Committee 
each year, except that the chairman of the Committee in any given 
year shall automatically become a member (but not the chairman) 
of the Committee for the following year; and no member of the 
Committee may serve again until three years after his term has 
expired. 

Not less than ninety days prior to the opening of the annual 
meeting in each year, any group of not less than forty members 
of the Academy may, by written petition presented directly to the 
Council, suggest the name of a person to be nominated to any 
given post. Any such petition shall be referred by the secretary 
to the Nominating Committee for its comments. Not less than 
sixty days prior to the opening of the annual meeting, the Nomi- 
nating Committee shall report to the Council the Committee's 
list of nominations, together with its comments on any suggestions 
made by petition. Not less than forty-five days prior to the 
opening of the annual meeting, the Council, after considering 
the Committee's report and any suggestions made by petition, shall 
nominate one person for each post to be filled. The secretary 
shall promptly submit this list of nominations to the members 
of the Academy for voting by unsigned, confidential mail ballots, 
each such ballot to contain a provision for write-in votes. The 
elections shall be determined by the ballots received not less 
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than fourteen days prior to the opening of the annual meeting. 
After expiration of the time specified for receiving the ballots, 
the secretary shall open the ballots and tabulate the results, 
which shall be announced at the annual meeting. 

SECTION 5. Project Committee. There shall be a Project 
Committee composed of not less than ten nor more than twenty 
members appointed by the president, which shall recommend the 
initiation of studies and organization of symposia and conferences 
by the Academy, shall review requests for studies and investiga- 
tions and recommend to the Council suitable action on each, and 
shall perform such other duties in connection with the programs 
of the Academy as the Council may direct. The members of the 
Committee shall be appointed for terms of three years, each 
of which, as nearly as possible, shall be on a staggered basis. 

SECTION 6. Other Committees . The Council or the president 
may appoint such other committees, composed of members of the 
Academy or nonmembers, or both, as shall be deemed appropriate 
to carry out the purposes of the Academy and shall define the 
function and authority of each committee, within the limitation 
of this Article VII. 

SECTION 7. General. Except as otherwise provided in these 
bylaws, any committee may, in the discretion of its chairman, 
conduct any of its affairs by mail, telephonic, or telegraphic 
vote of all the members of such committee, provided that any 
question so decided shall first have been transmitted to every 
member of the committee in the same wording. An affirmative 
vote of a majority of the committee shall be necessary for action, 
and all members of the committee shall be apprised of the vote 
before the chairman of the committee records the result of the 
poll on the question so submitted. 

A majority of the members of a committee shall constitute 
a quorum at all meetings thereof. 



ARTICLE VIII REPORTS AND PUBLICATIONS 

SECTION 1. Annual Report. After the close of each fiscal 
year, the secretary shall prepare an annual report containing 
a record of the activities of the Academy during that fiscal 
year, including a copy of the treasurer's report. After ap- 
proval by the Council, this report shall be transmitted to the 
president of the National Academy of Sciences and shall be 
transmitted to the members of the National Academy of Engineering 
at the annual meeting next following. 

SECTION 2. Other Reports and Publications . The Academy 
may arrange for the issuance of such other reports and publica- 
tions as may be desirable. 
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ARTICLE IX AMENDMENTS 



Amendments to these bylaws may be made only by the members of the 
Academy by action taken at any stated or special meeting by a 
majority of the votes cast, provided that the amendment has been 
proposed by resolution adopted at a previous meeting of the Academy, 
by resolution adopted by the Council, or by written proposal signed 
by forty members of the Academy; and provided also that notice of 
the proposed amendment has been sent to all members of the Academy 
not less than thirty days prior to the meeting at which the amend- 
ment is presented for action. 



ARTICLE X PARLIAMENTARY PROCEDURE 

The rules contained in Robert's Rules of Order shall govern the 
Academy in all cases to which they are applicable and in which 
they are not inconsistent with the bylaws or the special rules 
of order of this Academy. 
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